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THE GREYLOCK SYNCLINORIUM.* 

T. If *LSON Dalb. Newpott, R. I. 
The top(^Tiipby of the NW. part of MaflsacbusettB ia marked 
by three main parallel mouDtain maaaes faaviog the N. NK. treed 
commoa to the Appalachian ayatem. The most westerly of these 
ia the Taconic range, the crest of which diyides the states of New 
York and Massachuaetts; the moat easterly, situated about tea 
miles east of the N. Y. line Is Hoosac Mt traversed by the Hoosac 
tunnel, while the central one is Mt. Greylock, the prevailing rock 
of which, farther south, merges in that of the Taconic range. 
Mt Qreylock forms a top<^rapbical unit, measuring about 14 
miles in length and averaging abont b in width, and consists 
mainly of one central and two lateral subordinate ridges with the 
same N. NE. trend. The "saddle," from which it derives one of 
ite ancient names, and which is a conspicuous object all through 
Berkshire county, is formed by a SW. bend in the central ridge 
between Greylock summit proper (3505 feet above sea level ) on 
the north and Saddle Ball (3300 ft) on the south. These are 
about two miles apart, and the lowest part of the saddle is 2900 
ft^' »bove sea level. 

•Abstract of a report by T, Nelson Dale, Assistant Geologtsl U. S. G. 
S. to Raphael Pumpelly, Qeologlst In cliarge ol the Artrhean Division, 
covering fleldVprk <ione by the writer In l3B6-18r<S assisted during a 
portion of the ttae by Wm. H. Hobbs. This abstract Is published by 
permission of the "Director of tlie U. S. Geol. Survey, The full report, 
amply Illustrated, and entitled "Mt. Greylock, Its arcal and structural 
geoli^7," goes to make up, together with a monograpli by Raphael 
Pampelly and one by J. E. WotS, a memoir on the Green mountains, 
DOW Id course of publication by Che Survey. 
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2 The American Geologiat. jui>-. issi 

Situated right in the midst of the Taconic region Mt. Gre^lock 
has been often allnded to during t^e last seventy jears in the much 
debated "Taconic Question." Professors C. Dewey, E. Emmons, 
E. Hitchcock and 3. D. Dana are the principal authorities on the 
geology of the mountain. The general synclinal structure of the 
mass and also the fact that it consists maialy of certain schists 
underiaid by limestone are well known. Professor Dana has also 
conjectured the anticlinal structure of the hollow which separates 
two of its ridges. 

The following description is based upon the new 20 ft contour 
map made by the topc^raphers of the U. S. Oeolc^cal Survey, 
and upoD extended and laborious geolc^ica] explorations, and apon 
the careful microscopic stndy of lithologic&l epecimeos by Mr. J. 
E. Wolff. The results of modem topography, ort^praphy and 
petrography have been brought to bear upon the subject. 

Structural. The rocks are all metamorphic and of few kinds: 
crystaUine limestones and various schists, micaceous (sericitic) 
chtoritic, albitJG, pyritiferous, ptumbaginous, calcareous. The 
key to the real structure of the mountdn is in clearly distinguish- 
ing cleavage-foliation from stratification-foliation, the apparent dip 
and strike being generally entirely misleading excepting at con- 
tacts and even there sometimes.* The phenomena of cleavago 
and stratification as they occur on Mt. Greylock are illustrated by 
a number of typical cases which Bubstantiato and illustrate the 
following structural principles: 

I. Lamination in schist or limestone may be either stratifica- 
tion-foliation or clcavage-fcliatioa or both. In rare instances traces 
of false -bed ding occur in tjic limestone. To establish confonna- 
hility the conform ability of the stratification-foliations must be 
shown. The importance of this is manifest and it would seem too 
clementJirj- a principle to be stated here were it not that at one 
locality whore the limestone and schist are in apparently confonn- 
ablc contact, their cleavage-foliations alone are conformable while 
the strati fieatiou-foUatlon of the schist is at right angles to that of 
the limestone owing to a fault 

II. Stratification-foliation in the schist is indicated by: ( a ) the 
course of minute but visible plications; (i) the course of micro- 

*The more Important references to the subject of cleavage occur Id 
the writings oC Sedgwick, Phillips, Darwin, Sbarpe, Sorb;, Tyndall, 
Sogers, Kjrerulf, H«lm, Daubrfe, Jaitnettai. Beitsch, Bonney, CadeJl and 
Hsrker. 



.y Google 



Ths Greylock SyncttTiarium. — Dale. 



Bcopic plications; (c) the gen- 
eral couTBeof the quArtz lamiuie 
whenever they can be clearly 
distinguished from those which 
lie in the cleavage planes. 

III. Cleavage-foliation may 
«ODsiBt of: (a) planes produced 
by or coincident with the faulted 
limbs of the minute plications; 
(J) planes of fracture resem- 
bling joints on a very minute 
scale with or without faulting of 
the plications; (c) a cleavage 
approaching "slaty cleavi^" 
in which tbe axes of all the par- 
ticles have assumed either the 
direction of the cleavage or one 
forminga verj- acute angle to it 
and where stratjScation-f oliation 
is no longer visible. 

IV. A secondary cleavage 
resembling a minute jointing oo- 
cnrs in scattered localities. 

V. Tbe degree and direction 
of the pitch of a fold are indi- 
cated by those of the axes of the 
minor plications on iU sides. 

VI. The strike of the stra- 
tification and cleavage-foliations i 
often differ in the same rock and 
are then regarded as indicating 
a pitching fold. 

VII. Such a corresfKindence i 
exists between the stratification 
and cleavage-foliations of the ; 
great folds and those of the 
minute plications that even very \ 
small specimens properly orient 1 
ed give in many cases the key to i 
the structure over a large part of 
tbe side of a great fold. * ' 
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On these structural principlea thirteen complete and six partial 
sectioDB have been oonatnicted across the Greylock mass. These 
show that it coDBiste of a series of more or less open or com- 
pressed synclinals and anticlinals which, beginning at the north 
end ( North Adams ), increase southerly in number and altitude 
with the increasing width and altitude of the schist mass, and then, 
from a point about a mile and a half south of the summit, begin 
to widen out and diminish in number and hight until they finally 
pass into a few broad and low undulations. Mt. Oreylock with its 
subordinate ridges is a syncllnorium consisting in its broadest por- 
tion of ten or eleven synclinals alternating with aa many anti- 
clinals. While the number of these minor synclinals at the surface 
is so considerable, in carrying the sections downwards they resolve 
themselves chiefly into two great synclinals with several lateral and 
smaller ones. The larger one forms the central crest of the mass, 
the smaller one east of it forms Ka^ed Mt , the subordinate ridge 
on that side. The major central synclinal is so compressed near 
the highest part of the mountain and its axial plane is so inclined 
to the east, i. e. it dips to the west, that the strata which under- 
lie it have on its west side a westerly dip. Further south this 
synclinal opens out and all the relations become more normal. 
On either side of these two main synclinals the subordinate folds 
are more or less open and have their axial planes vertical or in- 
clined east or west. 

The accompanying figure 1, shows one of the more important 
of these cross sections, Section G, which passes about a mile north 
of the top.*^ That which crosses about a half mile south of the 
top, and through the Bald Mt spur on the south side of the 
"Hopper," is even more complex in its western portion. 

There are long undulations in the axes of these synclinals as 
shofrn in several longitudinal sections. The side or edge of this 
great double trough is at the extreme north end of the mass and 
its southern about eight miles distant. South of these main 
troughs is another shallower pair. The same N. S. trough struc- 
ture prevails also through all the snlK>rdinate lateral folds. The 
deepest part of the synclinorium appears to he under the saddle 
between the two summits, Greylock and Saddle Ball. 

■In order to show the curruot conceptions of the topography and 
geology of Grer'ock the reader I9 referred to Bana's Manual of Geologjr, 
3d edit., 188(>, p. 2t3 where Emmons' section of the mountain Is re- 
produced. 
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Traversing the folds of this canoe-like complex sj-nclinorium is 
a deavftge-foliation sometimes microscopically minute, dipping 
almost uniformly east This cle&vage-foliati(»i is generally dis- 
tinct from tli« '■ slaty cleavage " early described by Sedgwick, 
Sharpe, and Sorby, and reproduced experimentally by Tyndall and 
Jannettoz ; but consista sometimes of a minute Joint-like fracturing 
of the lamiDte, but more generally of a faulting of the laminee as 
the reenlt of their extreme plication — a mode of cleavage (aus- 
weichungs-clivage) bo well described by Heim,* and recentiy re- 
produced in part by Cadell t by a slight modification of the exper- 
iments made by Alphonse Favre of Geneva in 1878. X This fault- 
cleavage, when carried to ito extreme, results in a form of cleavage 
very nearly approaching, although not identical with "slaty clea- 
vage " To tiie unaided eye all traces of Stratification -foliation are 
lost and even under the microscope they are so nearly lost as to be 
of littie or no avail in determining the direction of the dip.! 

Jjitholopical Stratigraphy. There are five more or less distinct 
horizons in the Greylock mass. Beginning above: TUe Gret/loek 
Sehitts: muacovite (aericite) chlorite and quartz schist, with or 
without biotite, albite, octahedral magnetite, tabular crystals of 
interleaved ilmenite and chlorite, ottrelite, microscopic rutile and 
tourmaline. Thickness 1200 to 2000 feet Part of Emmons' Pre- 
Cambrian or Lower Taconic No. 3, "Talcose Slate." Walcott's 
Hudson River (Lower Silurian). 

The Bellovji Pipe Limestone, (so named from Its occurrence att^fl 
"Bellows Pipe" in the notch between R^ged Mt and Greylock): 
Limestone more or less crystalline, generally micaceoua or pyri- 
tiferous, passing into a calcareous mica schist or a feldspathic 
qaartzite or a fine grained gneiss with plagioclase and occasional 

*A. Helm. Mechanlsmus der Qeblrgs blidung, Im Anschluss an die 
Geologlsche Monographle der To«dl-\V1ndgtellen Gruppe. Basel 

1878. 

fHenry M. Cadell. Experimental Reaearchns on Mountain Building. 
Paper read before the Eoyat 8ocititf of Edlnb., Feb. 20, 1888. 
Transac. Eoj. Soc. Edinb. Vol. XXXV, part 7, p. 337, 357. Ab- 
stract In Nature, Vol. 37, p. 486, Mch. 23, 1898. Third series of 
experiments. 
tAlpbonse Favre. The formation of Mountains. Nature, Vol. XIX, 
1878, p. 103. 
gSIat; cleavage results from the destruction ol the am&ll lamlnte bj 
the breaking up of the sedlmentar; arrangement of the particles and 
changing the direction of the axes of all the particles. In this coiinec- 
clon see: Alfred Harker, The causes of Slaty Cleavage; compression v, 
shearing. Geological Magaxlne, London, 1885, p. 15, and also by the 
same author; On the Successive Stages of Slatf Cleavage. IMd, p. 206. 
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grains of microcliDe, zircoo. The more commoD minerals are 
graphite, pyrite, albite, microscopic rutile and tourmaline; rarely 
galena and zinc blende. Thickness 600-700 feet This horizon 
was entirely overlooked by Emmons, as hie section happened to 
cross the mountain where this upper limestone is covered with drift. 
It belongs in his Lower Taconic No. 3, and in Waloott's Hadsoa 
River aa do the Greylock Schists, 

The Serkthire SchiiU (so named from their prevalence throagh- 
ODt Berkshire county): In character like the Oreylock schists, 
but more frequently calcareous especially towards the underlying^ 
limestone. Thickness 1000 to 2000 feet Also forming a part 
of Emmons' Pre-Cambrian or Lower Taconic Mo. 3, "Talcose 
Slate," and Mather's, Hall's, and Walcott's Hudson River (Lower 
Silurian). Considerable allowance should be made for titickening 
in consequence of plications in the estimates of the thickness of 
both the Berkshire schists and the Greylock schiste. 

The Sloekbridge Limfitone. Limestone crystalline, Id places a 
dolomite, quartzose or micaceous, more rarely feldspathic Very 
rarely foeiliferous. Galena and zinc blende rare. Irregular masses 
of iron ore (limonite) associated sometimes with manganese ore 
(pysolusite) and with siderite, occasionally replaced to a small 
er.teDt by quartzite. Thickness 1200 te 1-400 feet Emmons' 
Pre-Cambrian Lower Taconic No. 2, (Stockbridge Limestone), 
Dana's Lower Silurian, Watcott's Trenton Calciferous and 
Cbazy (Lower Silurian). From Mr. Foerste's and Mr. Wolff's re- 
cent discoveries in Vermont some of the lower part of this 
horizon may be Cambrian.* 

The Vermont Formation. Quartzite, cropping out in the Grey- 
lock area only once (See Section G.) but possibly underiying the 
entire moss. ThickncBs 870 feet. Emmons' Pre-Cambrian, 
Lower Taconic, I, Granular quartz, DMa's Cambrian, Walcott's, 
In part Lower Cambrian, "Olenellus." 

It should be noted that the maximum thickness estimated does 
not exceed the thickness usually attributed to the Lower Silurian 
in the Appalachian region. 

Areal Geology, The geological map of Greylock and the ad- 
jacent masses presento a great body of the schists of the horizon 
of the Berkshire scbista almost surrounded by the underlying 
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Stockbridge limestoDe. Tbe Berkshire schistB send out tongues 
into the Stockbridge limestone area. There are also re-eoteriiig 
angles of limestone in the aehist area corresponding to anticlinals. 
There are isolated schist areas which are more or less open syn- 
clinals and isolated limestone areas whicharecompressed anticlinals 
forced up through the overlying schiste or truncated by erosions. 
Their relatjons are repeated between the upper limestone (Bellows 
Pipe limestone) and the Greylock schisi 

Relationi of Geology to Topography. The physically and chem- 
ically more resistant schistfi form the more elevated portions and 
the steeper slopes, while the broad valleys and gentle undulations 
about the mountain generally correspond to limesttMie areas. The 
upper limestone and calcareous schist constitute the benches of 
agricultural land high up on tbe aides of the mountain and "the 
notch " so early settled ; and to the presence of this rock also, 
together with a northerly piteb, is due the deep incision in the 
central crest between Saddle Ball and Bound Bocka. Tbe N.-S. 
part of tbe Hopper cut was occasioned by the trend and up- 
turned edges of tbe calcareous belt A minor anticlinal occurs 
on the west side of this part of the Hopper, The deep E.-W. 
incisions on both sides of the mountain are tbe results of erosion 
crossing tbe strike, while the great^purs on the west side are 
portions of tbe original mass left by this erosion. The saddle be- 
tween Greylock summit and Saddle Ball is due to tbe central 
synclinal of the mass, and the saddle seen in the mass from Mt 
Equinox on the N. N,W. ia due to the great trough In tbe cen- 
tral synclinal Tbe center of this trough is the deepest part of 
the entire synclinorium. 

Newport, R. /., April 22, 1891. 



THE FUEL RESOURCES OF COLORADO. 

Bv A. LUES. Qolden, Col. 
RECENT DEVELOPMENT OP THE COAL J'lELDa. 

Up to tbe past five or six years the comparatively small areas 
of coal discovered and developed within the reach of railroads, 
were confined to the narrow eastern and northeastern border of our 
mountains, and were monopolized by two or three companies, or 
leagued with two or three railroads. The markets were local also. 
Now, far greater and more important fields, with larger scams and 
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superior qualitj' of coal have been diacorered aud partially devel- 
oped on the weetem slope of the Colorado range. There are now 
twenty companies at work where before there were but one or two, 
and. these not merely on the old fields, but on the new. From a 
once local trade we have now come to supply many neighboring 
States as far east as the Missouri river. From nothing as a coal 
State, Colorado has leaped into the front ranks. 

EASTERN rOAL AND THAT OF COLORADO COMPARED. 

It baa been by no rueaas eaay to convince eastern men either of 
the quality of Colorado coal, or of the area of its fields as com- 
pared with similar data of eastern states. They have long thought 
of our coals as "lignites," little better than peat, owing to the 
fact that they were eo dubbed by Hayden in hia report of 1873. 
This was true enough of the northern field about Boulder, but 
whollj' unjust to the great bulk of our coal fields, which produce 
true bituminous coal — the same in quality and character as that of 
Pennsylvania. We have coals that not only produce good coke, 
equal, some of it to that of Connellaville, but even anthracite, 
limited in quantity, similar to that of the eastern atates. This 
fact is emphasized by the leading coal expert and geologist of the 
eastern states. Dr. J. S. Newberry, of the Columbia School of 
Mines of New York, who saj^s of our Colorado fields west of the 
range; 

"Here we see soroetimca eight to ten different seams in one 
section, reaching a united thickness of forty to fifty feet, of a 
quality which will compare with any known in the world. Owing 
to peculiar conditions this coal forms several varieties, each of 
which has its special uses. Here is anthracite, as hard and bright , 
as any mined in eastern Pennsylvania ; semi -bituminous coals, 
similar to those of Blossburg and Cressou, but more compact and 
pleasanter to work, transport and use; bituminous coal, j'ielding 
a cokeas good as that of Connellsville, and open-l)urnlng furnace 
coals similar to the famous Briar Hill coal, of Ohio, and of equal 
value. These coals are of unnsual puritj', sometimes containing 
3 per cent, and rarely more than 5 per cent, of ash, with little sul- 
phur or phosphorus." 

Our fields belong geologically to the Cretaceous, but what old 
age aud pressure have done for the eastern coals, has been accom- 
plished for ours by the heat of volcanic eruptions attendant upon 
mountain upheaval. 
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DISCOTEBY OF THE COAL FIELDS. 

A glaooe at Mr, R. C. Hill's map in "Hall's Historj' of Color- 
ado," gives some idea of the great area occupied by our coal 
fields, and their distribution in the state. And since formerly 
only that marked "The Northern Colorado Field" was known and 
worked. It will appear how largely the knowledge of our coal re- 
sources baa increased within the past few years. This north- 
ern field developed at Marshall, Erie, Louisville and Golden was 
formerly the main supply of Denver and the mountain towns. 
Later the southern portion of tbe Seld was developed and worked 
from time to time at Franceville, near Colorado Springs, Excel- 
lent coal, too, was opened on the small isolated field near Canon 
City. But the most important discovery was made some years* 
later in tbe Raton field, where the coal was found to be not only 
bitominous, but also capable of making very fair coke, a com- 
modity long desired by the smelters, who up to this time had to 
rely upon Pennsylvania. 

Later, a mine was opened at Crested Butte, across the range, 
which produced a firstrclass coke, equal to that of Connellsville, 
Since this epoch of coke discovery, lai^ areas of coking coal have 
been discovered in various parts of the state. 

In tbe same area a small field of excellent anthracite was dis- 
covered, covering a few hundred acres. Thus, in a very short 
time, our reputation as a so-called "lignite" bearing state had 
been raised to that of a flrst-class bituminous, coke and even an- 
thracite producing region. 

THE MEAND RIVEa COAL FIELDS. 

The contest for a path to Utah between the Midland and the 
Rio Grande railways led to the discovery and development of still 
another new field, along the banks of the Roaring Fork and Grand 
river, even richer than the rest, in the varieties and great thick- 
ness and number of seams of bituminous, domestic, coking, and 
anthracite coals. Tbe coking coals were developed by the Marion 
mines, near Cardiff, and the coke found to be as good as Connells- 
\'ille. The great, thick and numerous seams of bituminous and 
domestic coal were, and still are being developed all along the 
great Hogback, from Glenwood to Meeker, a distance, of forty 
mites. Thus began the development of the great Grand River 
field, which for area, variety and excellence of its coal is the 
moat important field of the future in Colorado. As yet its out- 
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skirts only have been toucbecl, and there is b vast area for future 
enterprise, whilst north and beyond it is yet anotJier large and un- 
touched field known as the Yampa. 

The coal of tbis Grand River field has a further importance from 
its close proximity to the greatest iron deposits so far discovered 
in Colorado, such as those of ttie Iron King, at White Pine, about 
thirty mUes from Gunnison City, and the Cumberland iron mine, 
in Pitkin county, also within fair distuice of this great coal field. 

SOUTHWESTERN OR LA PLATA FIELD. 

Meanwhile in southwestern Colorado the Rio Grande railway 
had entered and discovered another lai^ field, covering thousands 
of square miles, and extending from Colorado into New Mexico 
and Arizona, known aa the La Plata field. Here is an immense 
amount of coal in bodies from seventy feet down to five feet in 
thickness ; yet over this great area the development is restricted 
to four or five small mines, one at Monero, another at Florida, 
and three or four about Durango, doing a very local trade. This, 
small development is due to the possession of much of the field 
by the Ute Indians, and to the fact that but one railroad pene- 
trates the region, The coal is bituminous, and over certain areas 
makes fine coke. 

Besides these large fields, there are several smaller isolated ones, 
anch as one in North Park, witii thick scams of lignitic coal, an- 
other in South Park, for some years developed by the Union Pacific, 
and another undeveloped field on "Tongue Mesa," near Montrose. 

NORTHERN COLORADO COAL FIELD. 

This field extends north from Boulder into the Laramie plains 
of Wyoming, and south to Colorado Springs. Its approximate 
eastern boundary is a line drawn north and aoath some forty miles 
east of the mountains. This field has long been developed in 
Boulder county by the Marshall, Erie and Louisville mines, also 
by mines at Golden and Ralston. Marshall is one of the oldest 
mines in the state, having been worked for at least twenty years. 
By a series of faults, accompanies] by erosion, the coal has locally 
been brought near to the surface at a gentle dip of 5 degrees. The 
principal seam is six to eight feet thick. The coal is a good, 
pure, high-class lignitic coal, not coking, but well adapted to all 
purposes where extraordinary heat is not required. A large area 
has been worked out, a good deal burnt out by spontaneous com- 
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bostion, and an unknown amount presamably left. The develop- 
ment IB sometimeB impeded by the faults which cut off the contin- 
uity of a Beam. 

The following is an analysis of Marshall coal : 

Water 10.73 

Volatile 44.11 

Fixed carbon 38.56 

Aah 6.J1 

The area of the Colorado portion of the northern field is esti- 
mated by Hills at 6,800 square miles, the accessible portion at 405 
square miles, and the available coal at 2,568,600,000 tons. 

From Franceville, for about thirty miles south, there are no de- 
velopments until we reach Canon City, on tile south bank of the 
Ai^&nsas river where is a small isolated field, twelve miles long 
by two miles broad, carrying a seam four to five feet wide of non- 
coking bituminous coal, which has long been a favorite fuel from 
its high calorific power and general parity. The gentle dip of the 
strata admits extensive development There are three or more 
companies developing this small field at present 

THE SnUTHWESTEHN FIELD. 

From the Arkansas river to the Huerfano river, a distance of 
fifty miles, another barren space, and then we meet the northern 
extremity- of the great Raton plateau and Raton coal fields. Some 
of this coal has been burnt, or changed into natural, but worthless 
ooke by volcanic dykes with which the region abounds. Ab a 
whole, however, it represents an enormous amount of bituminous, 
domestic and coking cool. The cause of this change from a lig- 
uitic to a bituminous and coking character may be found in the 
great volcanic manifestations of this area. 

The following analysis of Al Moro coal gives : 

Water 0.54 

Volaltle mailer 30.29 

Fixed carbon 84.43 

Ash 14.74 

Toial 100.00 

Hills estimates the available area of this field in Colorado at 

473 square miles, and the available coal at 4,490,200,000 tons. 

In former years there were but two companies working in this 

great field, now there are a dozen. 

From the fields of the eastern slope we turn to those on the 
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vest slope of our mountains. We otosb the Sangre de Gristo 
raoge, the broad San Lnis park and the Conejos raiige, seeing do 
coal for over 100 miles. From the Conejos range ne look down 
on a r^on of endless plateaus, repreaenting the La Plata coal 
fields. Over tliis large area there is, as we hare stated, but half 
a dozen small mines. One body of coal on the Animas river, be- 
low Dnrango, is seventy feet thick, caused by the running together 
of several seams. It is developed at the Carbonero and La Plata 
mines. The great body is traceable for several miles along the 
' ' hog-backs " by a valley caused bj' the washing out of the softer 
coal The individual seams composing this mammoth body can 
be worked individually to advantage, but worked collectively the 
result would be a high per cent of ash from the admixture of 
shale '■ partings. " Close to the town of Durango a seam five feet 
thick, of excellent quality, is worked by the San Juan and Porter 
mines. The coal of all these seams makes ver}' f^ood coke, but the 
market of it is at present local. The drawbacks to this coal field 
are its distance from the nuun central market, the presence of only 
one line of railroad, and the proximity of the Ute reservation. 
When some of these obstacles are removed there is a good future 
for the region. 

An analysis of the smaller seams is : 

Water 0.63 

Volatile matur. 34.70 

Fixed carbon 57.30 

Ash 7.87 

Total 100.00 

And for the larger seams : 

Water 1.30 

Volatile matter 311.70 

Fixed carbon 6*.78 

Ash 4.22 

Total 100.00 

Hills estimates the Colorado portion of this field 1,250 square 
miles, the available portion at 300 square miles, the available coal 
at 3,387,200,000 tons. 

FIELDS OP NORTHWESTERN COLORADO. 

From Ouray we go northeast to Crested Butte. Here is a small 
portion of the Grand River field isolated by a circle of volcanic 
mountains, forming the Elk range. The heat from these volcanic 
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sources hafl altered the coal into several varieties. We hare bitu- 
miDOUB, coking, semi-anthracite and true anthracite, the alteration 
being more or less great, according to distance from volcanic heat 
The anthracite portion is limited to an area of about 500 acres ; 
the seam is six feet thick and yields an aDthracit« as hard and 
lustrous as that of Pennsylvania. Its analysis is : 

Water I.M 

Volatile matter 9.93 

Filed carbon 88.78 

Aah , . S.7S 

Total lOO.OO 

This mine is at present the main anthracite supply of Colorado. 
An old analysis of the Crested Butte coal gives : 

Water 1.94 

Votallte matter. 38. IB 

Fixed carbon 5«.90 

Aah S.08 

Total 100.00 

Coke from this coal now analyzes as follows : 

Water OS 

Volatile matter 1.15 

Fixed carbon 89.13 

Ash B.82 

This coke is not so strongly coherent as that of Trinidad, but in 
other respecta is better. 

At Crested Butte we leave tie railroad and take horses and a 
camping outfit to explore the untouched areas of Grand River field. 
The boundaries of this field, as marked out by Hills, are as fol- 
lows : It lies on the drainage of the Grand river and its tribu- 
taries in Pitkin, Garfield and Mesa counties, and a detached por- 
tion of it on White and Yampa rivers. 

The coal of the southern end, banning from Crested Butte, is 
traceable around mount Carbon to the Baldwin mines, thence west 
to Gunnison mountain, where, on Coal creek, are large seams of 
semi-cokiug and coking coal, with some anthracite. From mount 
Gunnison we follow the coal outcrop across the north fork of the 
Gunnison around Grand Mesa to Hogback canon on the Grand 
river, where sixteen miles above Grand Junction seams of domes- 
tic bituminous coal six to eight feet thick, appear on the sides of 
the canon. Thence to the Utah line along the Little Book cliffs 
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to Green river and beyODd, the coal probably underlying a lai^e 
tract of country east of the Wahsateh mountuns. 

Along the oppoeite mat^n coal is traceable west from Crested 
Butte, along the anthracite range and the south base of the Ragged 
mountains, down Crystal river to Coal Basin. Along the anthra- 
cite range and flanks of the Ba^ed mouutiuns are local patehes 
of very fine anthracite, but somewhat broken up, detached and 
difficult of access. 

From New Castle the coal follows the course of the Great Hog- 
back to Meeker, a distance of forty miles. Thence it bends in a 
curve in a northerly direction towards Yampa river, and appears 
agun on White river, below the mouth of Ficeance creek. After 
this it follows the Uintah range into Utah and Grand river. 

In the coal basin at Jerome Park, and at the Marion and Sun- 
shine mines near Cardiff, on the Bearing Fork, which lie around 
such eruptive eecters as Mount Sopris and the Elk range, the coal 
IB largely coking, producing a coke of great purity, at times equal 
to that of ConnellaviUe. Hills estimates the coking area of this 
district at 353 square miles. 

On the cliff face of the Great Hi^back, 1,000 feet above the 
Grand river, we see exposed a great number of seams varj'ing in 
thickness from twenty-two feet near the base, to ten and Ave feet 
near the summit. The coal along this hogback is first-class bitu- 
mmous domestic coal, not coking, but freer from aoot than those 
of a coking nature. 

On the field around Meeker, owing to the absence of railroads, 
and the distance from markete, little development has been done. 
The coal appears like that at New Castle. 

WHERE ANTHRACITE IB FOUND. 

This Grand River field produces many good varieties of coal, 
the bulk of it being domestic and not coking. The anthracite 
area, so far as at present known, is in Colorado, confined to nar- 
row areas along the Anthracite range, the fiank of the great vol- 
canic mountains, such as mount Marcellina and the Ragged 
mountains, and the small mesa at Crested Butte and the southern 
flanks of mount Gunnison, together with an undefined area in the 
Yampa field. Some of this so-called anthracite is more strictly 
semi-anthracite, excellent coal, but variable in thickness and 
quantity, and liable to have been broken up by the volcanic shecte 
which anthracised the coal. The lai^est and most promising on- 
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thracite area ia one I saw this somiaer (m the aonthweat base of 
Mount GouniBon, where a coutinuoas seam, ten leet thick, over- 
laid by a sheet of volcanic rock, appears to underlie a consider- 
.able area, i. e., if we assume it to be oo-extenaive with the out- 
^Top of the volcanic sheet In the same vicini^ were some (rf the 
finest seams of domestic coal I have yet seen in Colorado. They 
are some five or ^z in number, and vary from six to twelve feet 
in thickness, and lie at intervals one above another in the same 
seotioa There appears ^so to be an area of c<d£ing coal on the 
same property. The bulk of the ooal area so tar developed has 
been along the outskirts of the field. The center of the field ia 
buried beneath the mountain plateaux of C»,000 to 10,000 feet 
thickness, of newer Tertiary strata. On thectifls of these plateaux, 
instead of ooal we see long black lines of asphaltum, with sliale 
saturated with hydrocarbons to such a degree that they ignite with 
a match. Prom the latter, petroleum could doubtless be extracted 
and manufactured in the same manner as it used to be in the Kast- 
em states before the great flowing oil, wells were discovered. 

NATURAL OAS. 

It was in this same region and set of strata that this summer I 
8ftw the first genuine and promising gas springs of any power or 
consequence so far discovered in the state. The locality was 
thirty miles west of Meeker, on the White river, near its janction 
with the Piceance creek, There I saw on the edge of a fj^reat hol- 
low basin that had been excai'ated by erosion out of a broad anti- 
clinal or arched table-land, two powerfal springs which had been 
exploited to a depth of 500 feet During the work, one of the 
springs caught fire, and a column of flame, sixty feet in hight and 
twelve feet in diameter, shot up into the heavens, iiluminatiag 
the auiTOundiag country for many miles, till it gradually subsided 
owing to the pressure of water, after destroying the machinery, 
severely burning the operator, and calcining the ground for several 
yards around the orifice. The site of this spring is at present? oc- 
cupied by a pond, up through wtiicb several jets of gas bubble 
fiercely. 

The other spring, & few hundred yards distant, was also ex- 
ploited to some depth, and, owing to business matters, abandoned 
and the tubing drawn out This spring I also found surrounded 
by a circular pond twelve feet in diameter. Here the water was 
in a seething, violent state of agitation, churning round and 
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round the central orifice, from whicti great bubbles of gas arose, 
elerating the Burfaue of the water a foot or more above its level, 
reminding one very much of certain stages in a geyser eruption. 
A strong petroleum smell was emitted. We ignited the gas from 
a safe distance and a column of flame sending out an intense heat, 
covered the entire surface of the pond and rose to a hight of 
about six feet above it We watched it for a while and left it stilt 
burning. It is evident there are large bodies of gas in this region, 
as shown by the two wells, which have been pouring forth vol- 
umes of their incense for over a year to waste on the sage brush 
desert 

Again about two miles from this up the course of the Picoance 
Greek we found an alkali pond with numerous gas jets bubbling 
up, which ignited with a match and burnt for a few seconds until 
overcome by water. Professor Sadtler tells me that a well has Iseen 
discovered on Busaard creek, twenty-five milea air line southwest 
from Olenwood and about the same distance west from Aspen, 
which, on digging, poured forth such volumes of gas that the 
workmen were unable to continne. It is evident that there are 
lai^ bodies of gas iu this region, as shown by the wells which I 
have described. It is certain, then, that natural gas exists in 
Colorado. 

What might be done with this if it were within reach of some 
lai^ city like Denver 7 What manufactories of glass and other 
works might be run by this cheapest and purest of fuels ? Not to 
mention the illumination of our streets. If the mountain wont go 
to Mahomet, Mahomet must go to the mountain ; and it may be 
that commercial men may see the wisdom of establishing their 
manufactories within reasonable distance of these powerful springs. 

PETROLEUM. 

There is a close chemical relation between natural gas, asphalt 
and petroleum. They are all hjdro-carbons, and are convertible 
into one another, hence, where one of these snbstances is found, 
it is not unlikely to find the others, so there is a reasonable pros- 
pect that this White Biver region, abounding in its natural gas 
and aaphaltum, may some day be found to produce petroleum also. 
At present our oil production is confined to the small field at 
Florence in the vicinity of Canon City. 

THE FLORENCE OIL FIELD. 

Oil was discovered first in Fremont county on Oil or Four-mile 
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creek, four miles east of Canon Citj', where it makes its appear- 
ance on tlie surface of the water of the creek. Rumor has it that 
it was known for jears to the Indians, who used it for medicinal 
purposes. In 1861 Mr. A. M. Cossidj, who was the piooeer in 
the development of oil in Colorado, erected a small still on the 
bank of this creek, sank five or six wells in the ueigbborhood, 
getting from the euLire development about three barrels of crude 
oil a day, which he refined and sold in Canon City, Pueblo and 
Deover, at prices ranging from %\ to to per gallon. From this 
small banning the present industry has evolved. 

This field now supplies every gallon of refined oil used west of 
the Kansas and Nebraska Hue, Including all states and territories 
to the Pacific coast 

The present . total consumption of refined oil in the territory 
tributary to the Florence oil fields is 4,500,000 gallons per on- 
Dum, representing in value to the producers about $300,000. 

There have been in all about sixty-five wells drilled in this field, 
with a record of about forty-five producers. Of these there are 
now about twenty-five wells being pumped. The remaiuiug twenty 
have gone dry. The average production per day of these wells is 
forty barrels, or a total of 1,000 barrels daily. 

The territory is what is called an uncertaiu one ; there is no 
guide by which producers can be governed. Oil has been found 
in depths from 1,000 to 1,800 feet. The drilling has developed 
*the fact that there is a body of shale 3,000 feet thick at least 

Seven miles northwest of Florence, on Oil creek, and back of 
the penitentiary at Canon City, ten miles west and north of Flor- 
encp, the outcrop shows oil-bearing sandrock. This saudrock is 
the supposed original oil receptacle from which the oil has, by 
pressure, been forced up into the shale above. 

The character of the drilling is fairly good, the shale being soft 
and easily penetrated, but owing to frequent caving, necessitates a 
knowledge of Uie territory by the drillers. 

The character of the oil is what is termed a heavy petroleum, of 
a greenish cast of color, and weighing about 32 degrees. Tlie 
amount of illuminating oil produced from the crude is 33]^ per 
cent The residual or refuse oil is used for lubricating and fuel. 

The life of the wells is about two years. The territory marked 
out and supposed to be oil benxing, is about sixty thous.aiid acres. 

Evidences of the existence of oil are to be found in Coneja'^, 
Archuleta, Rio Blanco, and Routt counties. 
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It oozes liom tho rocka near MorriBon, and signs of it are said 
to have been found at Littleton, and nine miles north of Denver, 
None of these fields, however, have be^i snfflciently developed to 
establish tbeir commercial value. 

The oil business of the State of Gol<n^o may in time be equal 
In importance to our State, that it is to the States of Pennsylvania 
and Ohio. There are undoubtedly undiscovered fields in the va- 
rious portions of the state thlit in time will become avf^lable. 

SUMMARY AND CONCLUSIONS. 

From what we hare said we conclude that as regards coal we 
have inexhaustible fields of it on both sides of the range. 

That the fields on the western slope are the lai^est and most 
important in quantity and quality. 

That the northeastem field on the northeast side of the range 
carries an excellent ordinary and cheap fuel in its non-coking lig- 
nitjc coal. 

That the '-lignitic" tcpe of coal (institutes only a small frac- 
tion of our coals, the bulk throughout the state being bituminous. 

That the southeastern or Raton field, from Canon City to Trini- 
dad, carries a bituminous coal, one-half the area beii^ coking, the 
remainder domestic. 

That the southwestern or La Plata field across the range, is of 
much the same character, producing both domestic, bituminous 
and cokiug coal. 

That the northwestern or great (rrand River field bears the great- 
est varieties of ooal — bituminous, coking, some anthracite, the 
bulk of it being domestic non-coking coal. 

That tiiere arc still large areas of coal fields but little explored 
or developed. 

That the bulk of our coal is a first-class bituminous domestic 
coal. 

That there are considerable areas of coking coal, producing coke 
e4|ual to Coanellsville, Pa. 

That the areas of anthracite are limited. 

That we have abundance of excellent coal of. various kinds, 
easily accessible and eaailj' worked, and thus of necessity, fuel in 
Colorado la cheap. 

That the total area of Colorado coal fields is 18,100 sqoare 
miles. 

That our coals are the equal in quantity and quality to those of 
any State in the Union. 
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That we stand fifth at present in the rank of coal-producing 
States, and that there is a greater future before ua. Thatonrcoal 
r«Bonrcea are inexhaustible and will outlive our precious metal re- 
sources. 

That as r^ards Natural Gat we have indications of it in sev- 
eral parte of the state, bnt at present the only localitieB where it 
appears to be in commercial quantities, are on White river and 
Buzzard creels in the northwestern district of Colorado. 

That as regards Petroleum there are also indicaUons of it in sev- 
eral parte of the state, but the only productive field is at present 
located near Canon City, and that the proapecte of our industry 
Is this commodity are quite aa promising as were those of the 
early days of Pennsylvania and Ohio. 



PLEISTOCENE OF THE WINNIPEG BASIN. 

By J. B. Ttbkbll. H. A..OtMwa, of the Cuiadlaa QeolostuI Snrrer. * 
During the past two summerB the writer has been engaged in 
examining the shores of lakes Winnipeg, Winnipegosis and Mani- 
toba, and at the present time when so much interest is being taken 
in the occurrence of former glacial lakes, a few notes on the 
Pleistocene beds of the Winnipeg basin may not be entirely out of 
place, in advance of a more detailed report to the Canadian Geolog- 
ical Sur\-ey. 

The basin of lake Winnipeg itself lies along the western face of 
the Archsan continental nucleus, the eastern shore being com- 
posed of gneiss, granite, altered quartz-porphyry, micaceous and 
hornblende schist, cericite schist, &c. , while the salient pointe of 
Ite western shore are chiefly composed of limestone, ranging from 
the age of the Trenton to thttt of the Hudson Kiver or Niagara. 
Beneath the Trenton limestone is a thickness of one hundred or 
more feet of soft and almost incoherent Chazy sandstone, and it is 
from the area formerly covered by this sandstone that a con- 
siderable portion of the bed of the lake would appear to have been 
excavated. Between the salient limestone pointe, tiie west shore 
is chiefiy formed of drift deposite. 

Lake Winnipegosis has a somewhat similar character, the more 
northern portion of ite east shore being composed of low l}ing 
Silurian dolomite dipping slightly towards the lake, while the west 
shore is composed of drift or occasional cliffs of Devonian lime- 
stone. 

*[PubUshed wltb tbe ikfiiiIhIoii of tbe Director.) 
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Lake Maoitoba ia almost eatirely enclosed by drift deposits. 

From the westera side of these two Utter lakes a gently 
rising plain reaches to the foot of the Riding, Duck, and Porcu- 
pine mountains. 

Sonth of the area of the lakes a plain, generally thickly covered 
with alluvium, stretches into Minnesota and Dakota. 

The escarpment of the Pembina, Riding, Duck, Porcupine, etc., 
mountains may be conveniently designated the " Manitoba escarp- 
ment," and the beds of which it is composed are, as far as is at 
present known, of Cretaceous age. At the close of the Cretaceous 
Period these beds, which now rise in places to a hight of 1,700 or 
1,800 feet above lake Winnipeg, must have extended a long dis- 
tance farther east, but with the advent of the Tertiary Epoch, a 
period of elevation and denudation set In and continued without 
intermission to the close of the Pliocene. During this period the 
great north and south valley was formed, on the western side of 
which now rises the Manitoba escarpment, tt^tber with the 
afferent valleys of the Valley, Swan and the Red Deer rivers. 

The history of this r^ion during the first Glacial period is not 
at all clear, but the second Glacial period furnishes us with an 
abundant record, from which its story may be easily i-ead. 

Let us examine separately, but briefly, the different pages of 
this record, beginning with that on 

Stnation. 

At the north end of lake Winnipeg the glaciation averages S. 
2° W. , or nearly parallel to the shore, from William river to the 
mouth of the Saskatchewan. On Cedar lake, on its eastern side, 
the striation is S. 18'' W. , making straight for the ridge north of 
lake Winnipegosis, while on its western side, near the month of 
the Saskatchewan, the glacial stride bear S. 39° W. Od lake 
Winnipegosis the strie at its northeastern angle bear S. 23° W. , 
while a little farther down the east shore they have turned to S. 
9* W. Around the south end of the same lake they bear S. 2°~ 
13° B. ; in Dawson Bay 8. 42''-58° W. ; in Swan lake S. 48"- 
53° W. i in Red Deer river S. GS^^TB" W. These three latter 
courses show a set of the glacier towards the great valleys of the 
Swan and Red Deer rivers ; while those on the south and east 
Bides of lake Winnipegosis indicate a movement parallel to the face 
of the escai'pment. 

In the northwestern arm of lake Manitoba the strife are bear- 
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ing southward, while on the eastern side of the lake, near Steep 
Bock point, their direction is S. 8°-13° G. The granite ialands in 
lake St Martin are well striated in a direction S. 33° E. These 
obserratJonB all show that the glacier moved sonthward in the 
great Winnipeg valley, the direction of movement l>eiDg dearly 
proved by the characters of many of the exposed and striated rock- 
surfaces. 

On the east side of lake Winnipeg, the general direction of 
glaciation has already been recorded by Br. Bell as trending more 
or less directly out into the lake. Some instances of the occur- 
rence of two sets of strife have however lately been observed that 
would appear to indicate an earlier glacial movement more nearly 
pandlel to the shore, though the earlier strise have been almost 
«ntirely obliterated by the later. 

On Swampy island the general direction of striation is S. 52*^ 
W. , while another set of strife was found to occur under a mass 
of pebbles and boulders bearing S. 13'^ E. Mr. Panton has already 
recorded strife running in a similar direction on Black Bear island 
forty miles further south. ' 

In lake Winnipegosis, where many strise have been obBer\'ed, 
the islands and points of till and boulders lie in the direction of 
glaciation, and applying the same rule to the paleeozoic area of 
lake Winnepeg, where much of the country has not yet been ex- 
amined, the direction of glacier motion is seen to awing southward 
from the east shore, till at the mouth of the SL Martin (Little 
Saskatchewan) and Fisher rivers it would appear to have been 
about due south. 

South of the lacustral area in Manitoba, strife hare been re- 
corded by Messrs. Panton* and Upham from Stonewall, Stony 
mountain and Little Stony mountain bearing S. SO^-SS" E., ' 
and on the Assiniboine river in Sec 23, Tp, 9, R. 10, strife were 
lately observed by the writer on the surface of Niobrara marlite 
bearing S. 38° E. Farther south, within the United States, strife 
made by a continuation of the same great glacier hare been re- 
corded by PrcB. T. C. Chamberlin down to the northern boundary 

' Notes on the Geology of som« islands In lake Winnipeg by J. 
Uoyles Fnnton, M. A., Illat. and Scl. Sec. Man. Trans. SO, 1886, p. 6. 

I Gloaninga from Outcrops o[ Silurian Strata In the Rinlrivcr valley 
by J. Eoyles Panton, M. A., Man. Hist, and Scl. Soc. Trans, is, 1884, 

p. 7. 

■ Beport of E:[ploratlon ol the Glacial lake Agasslz In Manitoba by 
Warren Upham. Can. Oeol. Snrv. Ann. Bep. Vol. IV, part E. p. 115. 
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of Minnesota, beyond which, in the vicinity of See Moines, Iowa, 
wti3 found the outermost terminal moraine of the glacier. ' 

These numerous observations of distinct and cbaracteristio 
glacial striffi clearly show that a great glacier, or lobe of the 
Laurentide glacier, which for convenience may be called the Man- 
itoba glacial lobe, or glacier, moved sonth-southeastward across 
the lacnstral plains of Manitoba, along the valley of Ked river to 
the hight of land, and onward to near Dea Moines, Iowa, send- 
ing ofF branches np the vaJIeys of Swan and Red Beer rivers. The 
total length of the Manitoba glacial lobe, therefore, from the 
north end of lake Winnipeg to its extreme southern limit in Iowa 
would be about 850 miles. 

Moraittet. 

The highest moraines at present known in norttiem Manitoba 
are those capping the summits of portions of the Back and 
Riding mountains with altitudes of 2,500, 2,700 feet above the 
sea, or 1,800 to 2,000 feet above the surface of lake Winnipeg. 
A good example of this moraine is seen on the northeastern por- 
tion of Duck mountain, where it forms a barren, rugged district 
with conical hills often rising to a hight of 200 feet. These hills 
are composed entirely of drift so thickly studded with Archsean 
boulders, that their crests have much the appearance of the 
rounded knobs of granite and gneiss east of lake Winnipeg, the 
likeness being made more striking by a thin and stunted growth 
of pine. When the writer passed over this region he had been 
preceded a year or two before by a forest 8re, which bad burnt 
over most of the hills and left them strewn with blackened 
Sticks about the size of fence rails, lying irr^ularly over the mass 
of boulders. Very few deciduous plants had grown up to cover 
the surface, and there was nothing to veil the absolute desolation 
of the scene. 

No definite and well marked moraine has been traced along the 
face of the Manitoba escarpment below those just mentioned, but 
distinct moraines occur at elevations of about 1,300 and 1,500 
feet respectively in the valleys of the Swan and Valley rivers, 
which may represent the terminal moraines of subsidiary lobes of 
the Manitoba glacier. 

For a long distance eastward from the escarpment do morainlo 
hills are known, but it is not impossible that they may c:rist in 
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places, for most of the coantry between lakes Manitoba and Win- 
nipegoaia and lake Winnlp^ is yet entirely unexplored. How- 
ever at many places on the ahorea of lake Manitoba, especially 
towards ita northern end, and on the shores and islands of lake 
'Winnipegosia sonth of Birch island transported bonldera are scat- 
tered in great abundance, or heaped in high boulder-walls. The 
north side of the high and even ridge between lake Winnip^osis 
and Cedar lake, and the south shore of this latter lake, are also 
composed to a considerable extent of eiTbtics. It is not improb- 
able, therefore, that these boulder-strewn tracks may represent 
periods of cessation in the retreat of the glacier, but the morainic 
debris was dropped into lake Agassiz, and scattered more or leaa 
thickly over its floor. 

On the shores and islands of lake Winnipeg a distinct moraine 
has Just been recognized. It forms the high land on the eastern 
side of the lake between the mouth of Brokenhead river and Elk 
island ; crosses Black island near its northeastern extremity as an 
irregular, knolty ridge with a summit one hundred feet above the 
water ; thenoe skirts the eastern margin of the lake, touching it in 
places, and was again recognized at Plunkett and Swampy islands, 
being there composed of an aggregation ol ttoulders of Trenton 
and Archsean rocks. Many of the islands to the south of these 
two last mentioned are also probably morainic, but they have 
not yet been exanined. 

North of Sirampy island this moraine has not been followed, 
and as it was doubtiess deposited in a considerable depth of water, 
the material falling from the face of the glacier was probably 
scattered over a considerably area. It is possible, however, that 
Qeorge's island may be formed by it, and Eagle island, near tiie 
northwest extremity of the lake, is clearly morainic. 
Shore Linet. 

Ancient etwre' lines occur throughout the district from a hight 
of l.,440 feet above the sea on north Fine creek on the east face 
of the Buck mountain to about 750 feet above the tma around the 
mai^n of lake Winnipeg. In their southern extension, these 
ridges have already been described and classified by Mr. Warren 
Upham in his description of lake Agassiz. 

In the lacustral region they have been followe<i by the writer 
most continuously along the face of the Duck mountain where 
the}' form long, unbroken ridges of gravel or sand from fifty to one 
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huDdre<] and fifty feet in vddth. The pebbles in the gravel are 
nowhere large, not having been met vith as large as a hon'e egg, 
and on the face of the Duck mountain they are beantdf uUy assorted, 
becoming finer as the ridgee are followed north from Valley river. 
At Drifting river they are about as large as pigeons' ^gs, at 
Fork river about as large as peas. At Duck river the ridges are 
composed of sand. This gradual diminution of the size of the 
pebbles was traced especially in the ridges that at the Valley river 
have elevations of 1,135 and 1,084 feet respectively. Farther 
north, along the face of the Porcupine mountains, the ridges 
wherever examined were composed of sand and fine gravel 

Between the Manitoba escarpment and the lakes ancient beaches 
have been found in but few places, and in some of these they ap- 
peared to be discontinuous while in others they were not followed. 
At one of these places on Pine creek a well-defined ridge of gravel 
is determined by the old location of the Canadian Pacific Railway 
to have an elevation of 960 feet None of the beach ridges, 
however, arc stronger than those around the adjoining lakes at the 
present day, and some spits and bars on the shores of these lakes 
are much larger than any of those seen around the basin of the 
extended glacial lakes. 

One of the most interesting monuments of ancient shore phe- 
nomina in the whole district is Kettle hill, on the south Bide of 
Swan lake. This lake has an estimated elevation- of twenty-seven 
feet above lake Winnipegosis or 855 feet above the eea, »id the 
hill which appears to have been lai^ly composed of Dakota 
sandstone rises 275 feet above it On the face of this hill are 
.five distinct terraces representing six different shore lines at eleva- 
tions of 920, 955, 995, 1,015, 1,070 feet above the sea, thoseat 
955, 995 and 1,070 being most strongly marked, the last being 
the most distinct. 

On the north side of lake Winnipegosis the eastern Mossy 
portage is a gravel ridge rising at its extreme summit 93 /eet 
above the surface of that lake, or 921 feet above the sea. Just to 
the southward, the north shore of the lake rises to the top of the 
poitage by three distinct steps 27, 63 and 93 feet in hight The 
last is the summit of the portage ridge, and the first is the summit 
of another well marked gravel ridge behind which is occasionally 
a trough ten feet deep, marking a shore line about 15 feet alwve 
the present hight of the lake, or 843 above the sea. This shore 
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ine is also well seen at Point Brabant and other places along 
the east side of the lake. When the water stood at this level lakes 
Manitoba and Winnipe^osis were joined across the Meadow port- 
age, and the beach is therefore to be looked for around the tonner 
lake. It is probably represented by the ridge in the grove behind 
Manitoba House, though the exact bight of this ridge was not 
determined. On the line of the tramway at the Grand rapids on 
the Saskatchewan river four well defined ridges of rounded gravel 
occur at the bight of 140, 95, 90 and 80 feet above lake Winni- 
peg or 850, 805, 800 and 790 feet above the sea. 

At Ox Head, near the northeastern extremity' of Black island, an 
ancient beach is very conspicuous atabout forty feet above the water. 
On the south side of the island the beach is marked by a line of 
sand dunes, and on the north side a sandy terrace rises gently to 
a bight of forty feet and ends abruptly at the foot of a steep slope 
thickly strewn with boulders. On ascending this slope the land 
is found to rise to a bight of 100 feet above the lake and its sum- 
mit to consist of an irregular aggregation of knolls thickly strewn 
with large boulders of gneiss, very few or none being derived from 
the immediately adjoining and underlying Keewatin schists. This 
ridge is the summit of the Black island moraine which would seem 
to have been dropped here when the higher parts of the island 
were above the surface of lake Agassiz, as there is no sign of water 
action on the moraine above the line of the forty-foot beach. It 
is possible that the moraine may have been deposited about the 
water level, and that the water afterwards rapidly receded to a 
height of forty feet above the present lake. 

Delta depoaits occur at the mouths of all the wide valleys open- 
ing into the west side of the lacustral plain, but unlike the delta 
of the Assiniboine they nowhere extend eastward beyond the 
general line of trend of the escarpment. 
Allaoium. 

The Red River valley south of north latitude 50° is thickly 
covered with alluvium, evidently thicker near the river than far- 
ther away from it, its thickness at RosenScld being 125 feet, 
while at Morden, twenty-four miles farther west, and just at the 
foot of the Pembina escarpment its thickness is only 15 feet. 

North of latitude 50° a soft blue alluvial clay overlies the 
Archiean rocks along the whole of the east shore of lake Winni- 
peg beyond Winnipeg river, ranging in depth from 5 to 30 feet 



I .y Google 



8fl ITte American Geologist. jniy, i89i 

It is generally more or less diatinctdy etratified and at its base in 
manj places contains transported boulders. It also formB the 
north shore of the lake aa far neatward as the base of the sand spit 
that bounds Limestone bay on the south. The westem side of 
the lake has not yet been sufficiently examined to say to what 
extent the older depoaita are there covered with allnviuin. 

In the western portion of the tacustral basin Prof. Hind re- 
marked as long ago as 1859, speaMng of the " Big Ridge of the 
Assiniboine " which has been called by Mr. Upham the Ossowa 
beach, that "between this ridge and the Assiniboine the land is 
eminently rich and fertile ; beyond the ri(^ north, it ie described 
by the half-breeds aa wooded, aandy and poor. " * Around lake 
Manitoba and Winnp^;osi8, there is comparatively little alluvium, 
the country in many places being immediately underlain by till. 
Lake Agattiz. 

In the absence of any evidence of a land barrier to the north 
and east sufficiently high to hold back the waters of the lake whose 
receding shore lines are marked by the beaches mentioned above, 
Mr. Upham has suggested that the water was held between the edge 
of the receding glacier of the Winnipeg valley and the Manitoba es- 
carpment, and to this body of water he has given the name lake 
Agassiz. As to the extent of tbis lake soutii of the present 
southern shores of lakes Manitoba and Winnipeg, nothing can be 
added at present to what is given by Mr. Upham in his recent 
report to the Canadian Geological Survey, Of the lacustral re- 
gion verj- little evidence was at hand, and the generalizations from 
that evidence were clearly of a preliminary character. 

Instead of assuming that lake Agassiz at any time covered an 
area of 110,000 square miles, as stated by Mr. Upham, let ua 
consider the hypothesis that it was never at any time of enor- 
mous size, bnt rather that it was a belt of water, say as wide as 
lake Manitoba now is, lying along the foot or edge of the glacier 
and quite possibly with a large expansion towards the south. 
Under this hypothesis the lacustral area was covered with the 
Manitoba glacier while all the more elevated beaches were being 
formed, and how far south this glacial lobe extended at any par- 
ticular time it is impossible to say, since its fool was washed by the 
waves of the lake, and the coarser morainic material that dropped 
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to the bottom was afterwards covered with a sheet of flae allavium, 
Just as has occurred in the deposition of the all^^iaI clay on the 
east shore of lake Winnipeg. 

While the face of the glacier was not far removed from the 
Manitoba escarpment, and when in places the highest beaches 
were in process of formation a sand delta was deposited in front 
of the month of Short creek in the depression now drained by 
Valley river. While the sand plain was being formed here the fine 
material bronght down by the river would, under ordinaty con- 
ditions, have been carried out into the lake and have formed a 
fringe of allnvial clay which would now be foond covering the 
lower conntry. This does not appear to have been the case how- 
ever, for but a few miles from the front of the sand plain of the 
delta, gravel ridges rest directly, or almost directly, on the till, 
and it is probable that the finer alluvium was spread out for a con- 
siderable distance north and south from the mouth of the old delta- 
forming river. 

As the glacier, in its intermittent recessioD, drew back from the 
escarpment, the lake followed it, dropping more or less suddenly 
from beach to beach, and probably being drained northwestward 
as well as southward. A northerly current in the lake or a con- 
traction in its width is clearly evidenced on the face of the Duck 
mountain by the gradually diminishing size of the pebbles of 
which the beaches are composed as they are followed towards the 
Swan river valley from the Biding mountain ; the general small 
size of the [lebbles is also remarkable as larger pebbles and 
boulders are found in the underlying till. The absence or scarcity 
of boulders on these beaches has already been recorded by Mr. 
Upham and the writer, and has been adduced as evidence that 
lake Agassiz did not freeze over, but even then it is difficult to 
conceive why masses of ice laden with boulders should not be 
thrown on the shore. Dr. Dawson has suggested that the water 
was at no time sufficiently deep to Boat icebergs, and it is pos- 
sible that this may be one reason for the difference between these 
old ridges and the present beaches of lake Winnipeg. The 
beaches are almost unbroken, and are rarely more than ten or 
fifteen feet in hight. These facts lead to the supposition that 
they had not been acted on by waves such as would be generated 
on alake with an area of more than 100,000 square miles, for on 
the shores of anyoftiie three adjoining lakes of comparatively small 
dimensions, higher beaches composed of larger pebbles are of com- 



LyCOOglC _ 



Ths American Geologist. jair. leei 

e and are more or less constantly broken by the 
waves. Wben the Manitoba lobe retired to the north and east of 
the country now partially occupied by lakes Manitoba and Win- 
nipegosis leaving boulders thickly scattered over the surface, the 
water stood at least eighty or ninety feet above the present level 
of lake WinnipegofitB, but it does not appear to have stood at this 
height for any great length of time, since, in the northern portion 
of the region especially, little or no alluvium has been deposited 
over the till and paleozoic rocks. In receding from this bight 
the water has left two moderately well marked beaches, that 
fifteen or twenty feet above lake Winnipegosis being possibly rep- 
resented farther south by the Ossowa beach, and northeast by 
the highest beach at the Oraad Rapids. During this and the 
succeeding period when the waters stood at the level of the triple 
beach at Grand Rapids, from 80 to 96 feet above lake Winnipeg, 
the ice foot appears to have extended down the middle of lake 
Winnipeg, and it was towards the end of this latter period that 
the moraine was formed across the summit of Black isluid. 
The ice then receded to the h^ber land east of lake Winnip^, and 
there is no farther necessity for assuming an ice-barrier in that 
direction. 

Tbe next time that the water came to a standstill it would 
seem to have been about forty feet above the present level of the 
lake, and the channel of drainage was probably through a wide 
valley extending northward from Limestone bay. 

It was during this last recession that the smooth glaciated sur- 
face of the arcluen gneiss and schists on the eastern side of the 
Winnipeg basin was strewn with boulders fallen from the face of 
the glacier, and when the glacier had retired these boulders were 
covered by and imbedded in a soft blue clay, in which have since 
been formed many thin disc-like calcareous concretions. This clay 
doubtless consists of the finer material brought down by the gla- 
cier, and spread over the adjoining lake Boor by the action of 
tbe water. As far as seen, it everj-where lies on the smooth gla- 
ciated surface of tbe Archeean gneiss and schist, and is not under- 
lain by till. 

From the above considerations, which have been very briefly 
stated, it would apjiear probable that lake Agassiz was not at any 
time of very vast extent, but rather that it was a margin of water 
of varjing width lying along the face of a great glacier which 
was retiring down a gradually declining plain. 



I .y Google 



ON A LEAF-BEARING TERRANE IN THE LOUP 
FORK. 

By F. W- Ckaoin, Topeka. Kansas. 
An interesting leaf-bearing terrone occurs in the Loup Fork 
Tertiary, on branches of the North Canadian, or Beaver creek, in 
the " Public Lands. " Its outcrops, so far as now known, are on 
the south side of the stream. The locality is near Alpine, and ' is, 
by wagon-road, between thirty-five and forty miles southwest of 
Gnglewood, Kansas, the nearest railroad point It has been 
known to tiie writer as a leaf-bearing locality since the spring of 
1888, from an impression of a large Plataniu leaf preserved on a 
block of fine, white, chalk-like rock and which was presented to 
him by Mr. Henry Fares, with the statement that the locality 
abounded in fossil leaves and that fish remains occurred in the 
same deposits. 

In texture, this rock resembles certain fine, white phases of the 
Niobrara chalk of western Kansas, being quite free from the sand 
which, of a fine sort and in small proportion at least, is an almost 
invariable constituent of the lime-like variety of the Loup Fork 
rock known in western Kansas under the names of ' ■ native lime, " 
"poor man's plaster,"* "gypsum," and "gyp." A sample sub- 
mitted to an eastern zoologist, for microscopical examination, was 
reported to contain " coccoiitha and rhabdoliths, " This report 
was unfortunately incorrect ; but on the strength of it, the writer 
provisionally referred the leaf-bearing chalk-marl of Alpinet.tothe 
Niobrara Cretaceous, regarding it as an example of chalk formed 
near land, and hence probably in water of moderate depth. 

In June 1890, the writer was for the first time able to visit the 
locality from which the leaf had been taken, and found that the 
supposed chalk was a lacuttrine marl, yielding Planorhit, Sphie- 
rium, crushed Specimens of an Anodonta or Unio, and the scales 
and spines pf percoid fishes. 

The slopes of the Beaver, in the vicinity of Alpine, are fonned 
chiefly of Tertiary deposita, immediately underlaid by gypsiferous 
red-beds, of supposed Triassic age, which crop out to the north- 
eastward in the Cottonwood canon and at the mouth of Crooked 
creek, and again to the westward and southwestwanl on the 
Beaver and on Clear creek, near Beaver City, the Clear creek 

•This name is applied also to massive gypsum In Barber couiily, Kan. 
tBuUetln Washb. Coll. Lab. Nat. Hist., Vol. 3, p. 07. 
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outcrops bearing a thick bed of massive gj'psum. Loup Forlc 
mortar-ledges, bcariDg teeth of Hippotherium tpeeiatum, etc. , out- 
crop at many places, and Quartcroary deposits, yielding remains 
of Mattodon, occur along the larger streams and draws. Sand- 
hills, produced chiefly by the decomposition of the Loup Fork 
mortar-rock and the drifting of its less soluble constituents, occupy 
a lower portion of the slope on the north side of the Bearer. 

The leaf-bearing marl has a number of outcrops south and 
southwest of Alpine. That especially examined is a ratbersteeply 
inclined bed, closely related stratigraphically to a ledge of ordi- 
nary Loup Fork mortar which yields teeth of Hippotherium. It 
is more or leas stratified to laminated parallel with its inclined 
upper surface. Litbologically it is a white calcareous to siliceo- 
calcareous rock, composed of impalpably fine substance, and more 
or leas indurated, according to tlie proportion of chemically com- 
bined silica. The purest parts of this bed have the earthy tr&c- 
ture, soft smooth feel, easily finger-Bmoothed surface, and general 
physical appearance of elialk. Other parts have a stony hard- 
ness and the texture of flne-graiued limestone. Portions of neigh- 
boring outcrops are decided!]* siliceous, resembling in texture lith- 
ographic limestone, or even chert The harder varieties, in 
keeping with their highly siliceous character, break with conchoidal 
fracture. In the softer, and sometimes in rather hard varieties 
of the marl occur chert-like iron eret ions, the larger of which reach 
a diameter of two or three feet These are usually sharp- outlined 
oblate spheroids of jierfect sj'mmetry, though sometimes irregulai'. 
They break with conchoidal fracture into exceediugly sharp- 
edged segments, the fresh surfaces of which have the color of 
milk-trimmed coffee, bleaching to white under t^c weather. 

Attempts at usmg the rock for building purposes, by selecting 
intermediate varieties, have proved unsuccessful. The softer vari- 
eties crumble ; the harder are too brittle, cracking into conchoidal- 
faced s^ments upon prolonged exposure to the elements. There 
occurs, however, in tills district, still another phase of rock of the 
Loup Fork which is more like ordinary stone in its relation to 
practical purposes. This is a compact sUiceo-calcareous breccia, 
almost entirely composed of broken shells and siliceous shell-casts 
of a species of Planorhis \ it answers fairly for well-curbing, foun- 
dations, etc. 

Certain ferruginous beds also were seen in this district, and are 
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presumably referable to the Loup Fork ; but these were not ex- 
amined cloaely. 

In the chalk-marl proper, and iu the harder and softer pbaoes 
alike, occnr dicotyledonous leaves, diatoms, fish-remains, and 
molluscan shells. In the midst of the best-observed outcrop, ia 
a local parting or stratum of laminated chocolat«-coIored shale, 
tbe relation of whose lamins to those of the chalk-mart proves It 
to be a genuine member of the latter, and not an intrusive deposit 
of later date ; and in this shale, the writer found, together with 
molluscan renuuna similar to those in the chalk-marl proper, and 
two undetenniDed genera of aquatic or marsh-plants, the proximal 
«nd of an nlno-radius which is apparently referable to one of tiie 
Camdidve, and in any event, to an animal as large as Procamelut 
neeidentatit, and which had the distal portion of the ulna and 
radius completely ooOasifled This bone has the same chocolate 
color as is seen in the shale itself, and a tooth of Hippotherivm 
^pecioMum, which was picked up in a gully in the marl-bed, shows 
a state of preservation and color so similar that it can only have 
come from the same shale. The ulno-radiuB itself, however, set- 
tles the age of the leaf-bearing marl. Whatever be the genus or 
species, it indicates an iiogulate limb of such a kind and degree 
of specialization as, taken in connection with the size, would be 
iuconsiBtent with its reference to any epoch earlier than the Loup 
Fork. That the marl is not later than the Loup Fork, Its strati- 
graphic relation to the associated Loup Fork Hippotherium-bearing 
mortar clearly shows. 

The white marl itself contains a varietj- of leaves which are, in 
part, such as it is a surprise to find associated with late Tertiarj- 
mammalian remtUns, and which promise to shed some light on 
the age of certain Rocky Mountain leaf-bearing horizons. Tbe 
forms of leaves thus far collected from the Alpine chalk-marls are 
identified as follows : 

1 — Platanut tp. vndet. , 2 — Plalantu acervidei GOpp. 

3 — Salix anffiulata Al. Br., 4 — Sapindtu *p, indet, 

5 — Popular ffreEiop$i»'W aid, 6 — (1) Populut gp. indet. 

1 — Credneria daturaefolia Ward. 

Some of the leaf- impressions in this marl retain more or less of 
the lignitized woody material of the leaf, giving a black color to 
those in which a considerable amount of carbonaceous substance 
is thus retuned. 
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No. 1 ia a verj' large leaf with obtuse teeth ; it measures eight 
and a half inches Id breadth. No. 5 might be referred to Grevi- 
opiit popvlifolia Ward, as well as to the species to which it ia 
here assigned ; and, indeed, the generic and specific distinctness 
of these forms seems doubtfat. No. fi is an ovate-cuneate fonn 
which bears no small resemblance to two somewhat larger leaves 
in the museum of Washburn College from alleged Laramie beds 
at Trinidad, Colorado. The identity of No. 7 with the species 
which Ward has described from the white marl bed forming the 
summit of the " Fort Union " beds of Seven-Mile creek, Montana, 
under the name of Credneria datura/olia, admits of no question, 
whatever doubt may exist as to the pTx>priety of referring the 
species to the genus Credneria. 

The occurrence of this sptecies in the Loup Fork Tertiary is of 
unusual interest. In Volume I. of the Fortieth Parallel Beports, 
published in 1878, King wrot«, "I apprehend that the plant hori- 
zon at Fort Union will be found to be nothing but the northward 
extension of the White River Miocene. " Whatever be the age 
of the lower part of the Seven-Mile creek beds, the occurrence of 
Credneria datura/olia in the Loup Fork Indicates not only that 
the white marl cliff which forms the summits of those beds is 
probably referable to an epoch not earlier than that indicated by 
King, but that it may well be rel^xamined with a view to its pos- 
sible referability to the Loup Fork. 

A curious palseontological feature of the Alpine chalk-marls is 
the apparent evidence of a certain degree of brackishneas in the 
waters of the great lake. 

Following are tlie names of the diatoms identified by Rev. Fran- 
cis Wolle, of Bethlehem, Pa , in a sample of the marls sent him, 
together with his notes on the habitats : 

C'^mbelUi clst\ila Hempr. — Mnre frequently fresh-water than brackish. 

JVairfcuta peregrina, — Brackish water. 

" tc>iet(a Breb. I These two may be forms of SchUonemtn 
" lanceolala Ktz. ] hence marine. 

CosclnodUcvi woodivardl Ellensteln. — This Is the most decide!; ma- 
rine. 

Meloslra gmnulaUi (Ehr.) Ealfs.— Brackish or marine water. 

The Loup Fork calcareous sandstone has been universally called 
a fresh-water deposit. This view is no doubt essentially correct ; 
yet the influence of the gjpsiferous and salifcrous "red-beds" 
floor of the Indian Territory district of the lake may have im- 
parted locally a somewhat brackish character to the lake-water. 
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THE OZARK SERIES. 

B? G. C. Bkoadhkad, Colambia. Ha. 
In the Geologist for Junuary and September 18S9, the Ozark 
plateau was discussed by myself as to its elevation and extent. 

In the Missouri geological report, 1855, Prot G. C. Swallow 
published a vertical section of palseozoic rocks, which has suf- 
fered but few ooirections. As corrected, it is about as follows: 

Upper Carboniferous 2000 feet 

Lower Carboniferous to base of Burlington IU6 " 

Chouteau xroup 305 " 

Devonlao 125 " 

Upper Silurian ITS " 

Hudson Elver group 165 " 

Tienton and Black Blver limestones 360 " 

UAaKESLAJI LCUESTONB SEBIKS. 

First Magnesia n llmeatone 190 " 

First or Saccharoidal sandstone 1S5 " 

Second Magneslan limestone 230 " 

Second aaodstone TO ■' 

Third Magnesian limestone 350 " 

Third sand 8 tone 50 " 

Fourth MagneBlan limestone 300 " 

This series of magnesian limestones is known in Missouri by lis 
numbers; the "First" is rarely found in eentral-southem Missouri, 
excepting on the most elevated points, but it is better developed 
in the counties bordering the Missouri river, occurring as a gray 
or buff or drab limestone, sometimes oolitic as near Horiile in Jef- 
ferson county, or abounding in Cgthere tuhltEi:U, as at Pacific, in 
Franklin county. The First, or Saccharoidol sandstone reaches 
its greatest thickness near Augusta, St Charles county, where it 
is 133 feet thick. A corresponding thickness was recordetl in the 
boring at the Inaane Asylum, St. Louis. Its upper part is white 
and pure silica, its lower part often colored brown. It is the 
equivalent of the St Peter's sandstone. The only evidence of 
oif^ic remains found in it is a large Orihocerat, about 8 inches in 
diameter. 

This saadstone is valuable as a material for glass-making, and 
the glass-works at Crystal City, in Jefferson county, are located at a 
favorable outcrop. The Second Magnesian limestone is well ex- 
posed at Jefferson City, and includes all the strata in sight at that 
city. The lower beds are thick and cellular, the small cells filled 
with a white powder, or else empty. Above these there is a good 
deal of chert occurring mostly in a concretionary form, together 
with some shale, and earthy drab-colored magnesian limestone 
beds, locally called "cotton rock." But a small per cent of this 
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is suitable for building. Foeeils are not abundant Thoee tound 
are a Ltngula (like L. prima Hall) an Opkileta, and Pleurotomaria. 
At the base of the bill at Hermann, a trilobite (probably Cono- 
cephalite»), an OrthU, <&c., were obtained. 

The Second sandstone occupies the tops of the hilts in Madison, 
Washington, Reynolds, and some other counties, and is apparently 
replaced by certain chert beds in those counties. This sandstone 
is coarser than the First sandstone, and is often slightly colored 
with iron, and is often a firm, solid rock, usefol for building pur- 
poses. The Third Magnesian limestone occupies the base of 
nearly all the hills of southern Missoari, sometimes reaching to 
the hill tops. It occurs chiefly in thick beds of coarse, gray dolo- 
mites, or finer textured Sesh-colored layers, the latter sometimes 
as much as 20 feet thick between the bedding planes. The coarse 
gray dolomites often disintegate and weather into rough surfaces, 
and at the lead mines decompose into dolomitic sand. 

The Third sandstone was recognized by Prof. Swallow, on the 
Osage and Niaugua rivers, In Camden and Dallas counties. 

A, part of this aeries may be referred to Prof. Dana's Canadian 
period. 

The First M^^esian limestone lying below the Trenton group, 
' may be Lower Silurian, and some have considered it to be 
of the age of the Ghazy; in the absence of fossils it is not easy to 
assign it to its proper place. The series below, including to the 
base of Second sandstone, and probably part of the Third Mag- 
nesian limestone, may be considered of equal age with the Calcif- 
crous of the New York system. The Lower part of the Third 
Magnesian limestone may probably be of the age of the Potsdam, 
and the other strata below seem certainly to be of Potsdam age. 
The Second Magnesian limestone and the other series below to 
the Archiean seem to correspond with the description and position 
of beds referred to the Upper Cambrian by Mr. C. D. Walcott. 
So, whatever may be the true geological position of this series ol 
rocks, they belong to diflferent periods of geologic time. I there- 
fore, for this reason and from the similarity of the composition ol 
the rocks, think beat to place them in one series, and call that great 

"The Ozark Sekies" 
Distributed as follows: 
Fir^t MagneslBii limestone. 

First or Saccliaroldal sandstone — SI. Peter's saudstone. 
Second Magnesian limestone. 
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Second gandstone. 

Third H&gneBlan llmestoiie. , 

Third sandstone. 
Fourth M ago est an limestone. 

The term Mognesiaa has been applied to rocks of other ages, 
And, for that reason, has not been well taken. The term Ozark, is 
peculiarly well adapted, for it includea rocke that are not 0DI7 
found amid the Ozarks, bat are there better developed 

In south-eastfim Missoan certain members of the lower part of 
the series are wanting, &a.A the Third Magneeian limestone is not 
well separated from a lower limestone which may be the equiva- 
lent of the Fourth. The lowest rock near Mine La Motte is a 
sandstone which, near Fredericfctown rests directly upon granite. 
There are also occasional exposures of a variegated red, purple, 
buff and drab marble whose position is above the sandstone. 
Above tiie marble beds are gritstones and mognesian limestones 
and dolomites nhiuh are the lead-bearing rocks of Madison and St 
Pran90i8 countjes. These lower limestones contain LiagviMa 
lambomi of Meek at several places. If that fossil is of Potfidam 
age, then these lower limestones and sandstones are of Potsdam 
age. The marble beds have occasionally furnished beautiful 
polished slabs of marble. Nearly 35 years ago Mr. Henry Cobb, of 
8t Louis, had a quarry of it opened near Ironton, in Iron county, 
and attempted to bring it into notice. He termed it "Ozark" 
marble, and in deference to him I will still use the name. The 
series in Iron, Madison, and St. Frangois counties is as follows: 
OzABK Series. 

Second Band stooe — on hill-tops with chert 135 feet 

Third Magneslan limestone with chert and quartz. . . 335 " 

Gritstone and LIngula beds 50 " 

Ozark Marble beda 35 " 

Lower sandstone and conglomerate 90 " 

The above series rests on Archcean porphyries and granite. 
UnweTiily Columbia, Mo., April, J891. 



SOME RECENT GRAPTOLITIC LITERATURE. 

By R. R. OttBLET, U. 8. National Museum. 
Besides several minor papers" the graptolitic literature of 1800 com- 

*De Rouvlile, Prot. P. G. Note 8ur In presoncS du Fiewrodicivumjiroblpmatiiyum 
danB le Devonieti de Cabri^rea et am uii nouvel horizon de uraptnlites dans 
leSlluriendeCabrltres: BuIl.Oeol. Soc. France. XVin. pp. i0e-»7 (Notes dis- 
Cov^T at an Ar(>niR fauna). 

Do(|ke,W.W. Some Silurian Qraptolites from Northern Maine: Am. Jour. Sci.. 
XL, pp. U3-6B (Notes occurence of tlie Normaii'a Kill fauna In Peuobscot 
Couatr). 

Kl>>ii..l>nn fj AUnliant. Kotes OR the discoTBry of TVfj/onoorajjiiu "t..,/....™;. 

, a variety of ''■■•■ • ■- " '— o-'.— i-. 

r Has. >1I. PI 
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prises tour papers of some leoifth, an abstract ot which U attempted in 
the toUowing pages. As will be seen all are the work of foreign 
authors. 

VHier das oiter d. SoffCTi ffrnptotUJiCTi-OesieiMs mtt beaonderer Be- 
rildigichttgtmg der in derucIbCTi enthaUenen OraptolUhen.; by Otto JSkel. 
Zaehr. d. deuUche geol. Ocs., XLI, pp. 653-716 ; Berlin 1830. 

The Gcstein, the author tells us, belongs unque8tIoaabl7 t« the Upper 
Sllurlao. The only question Is as to Its exact horizon within that sya- 
tem. Aft«r reviewing the opinions nf previous workers be expresses 
his belief that the Qraptollthen-Gesteln Aoda its equivalent In various 
horizons of the Wenlock Shale. 

The Graptolltes of the formation are next cousidered. At the outset 
(p. oeo) the author mentions Burande's division of the Graptolltes tuto 
the one-rowed and two-rowed. He further tells us that all true Grapto- 
lltes are still classified In accordance with this scheme. This state- 
ment does not Indicate a profound acquaintance with the later grapto- 
lltic researches and especially with that masterly series of memoirs 
which has made Professor Lapworth's name to the present generation 
of graptolithologlsls what those of Hall, Barrande and Gelnlti were to 
the preceding. Indeed we have hardly met with another recent paper on 
this group from which the name of Lapworth Is so conspicuously ati- 
seut. Correlated with this peculiarity Is the slight esteem In which the 
author holds the sicula, which might not Inaptly be termed the or^an 
of Lapworth, so closely Is It associated In the mind of the graptolltholo- 
glst with his researches. In short, throughout the whole memoir the 
subject Is treated from the standpoint of Nicholson's Monograph of the 
British Graptolltlda;, a work which represented the high water-mark of 
the science at the time of Its publication (1872) but which, we ore sure, 
Its own author would not recommend to Herr Jgkel as a modern text- 
book on Oraptollthology, so great has been the progress of our knowl- 
' edge during the last eighteen years. 

Returning to the text we find that, apparently misled by the fact that 
Monograptut, Oelnltz, has obtained currency (o the exclusion of Mono- 
prion, Barrande, In deflance of, and not In accordance with, the rule of 
priority. Berr JSkel tells us that: "The generic name Monogmptua 
previously employed by Gelnlti has been used by the later authors In 
place of ifonoprlon of Barrande and In the same sense as the latter."* 

We regret to And ourselves as little able to agree with Herr JSkel's 
views as to the conditions of life of the Graptolltes as we were to ndmic 
the correctness of the statements quoted. He discusses at some length 
the subject mentioned and concludes that the true Graptolltes must have 
been fixed. His reasons for this divergence from what we take to be 
the consensus of two generations of observers Is bis Inability to under- 

* M. Barrande d^M-ribed Diprion aud ifOHoprion In ISSO. In lgt2 Ut. Gpiiillz, 
reinarklnft thai Dlprion'xs£ preoccuiiied, employed Pmfessnr M'Coy'a term Dlplo- 
arqptat in its placK, In this rntiiiertion he said that Moiioprion niiuit be ctianiced 
to J/oiioomjJiu* for harmony (fiiittai.u). Idler the powerful influence of Prof. 
Ijipfforth has secured its releiitjon. He gives his rooiions for fnvoriiiK itinntead 
of Barrande's name (wtilch lin admits baspriorilv) in his memoir on tlie Scotllsh 
MonoBraptidiB (Ciecil. Mag., 18J8, III. pp. 310-11). It U probable that Lomatocertu 
(Browu. 18SEr-T, Lelli. Geogu. I, pp. Efi-O). sliould supercede them all. 
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fltand In what w&y the heavy polypnrr could have beeo moved. Wave 
action being excluded ( "the QraptoHtes were deep-aea dwellers") flota- 
tion could only be secured, he argues, through swimming moveinents of 
the looldB or by the posses§lon of a hydrostatic apparatus. The possi- 
bility ot movement by the former means Is regarded as very Improbable 
In view of the Independence of the cells, their opening upon one side ' 
only, and the form of the stem on the other side. No less Improbable, 
he thinks, is the assumption of a hydrostatic apparatus. It la asserted 
that such cobld only have been the central disk. Berr •Tftke! rejects the 
possibility of such a view of its function as the cells would necessarily 
have been directed downwards, a condition which, he tells us, has never 
been observed In the analogously constructed living colonies. 

On the other hand, by assuming these organisms to have been flied we 
can, he thinks, form a "simple and natural picture "of the genus DUXy- 
onema with the "cell-less net" Imbedded In the mud and the cell-bearing 
branches projecting with the cells directed upward. Possibly this may 
possess the merit of simplicity, but the fact Is that the " cell-less net " 
has no existence. If Herr jakei will consult BrOgger's memoir* 
he will Bnd that the branches In DIctyonema are thecaphorous 
along their whole length; although they may apparently lack thecee In 
any portion from unfavorably directed pressure. The central disk Is 
also by Herr Jftkel regarded as mud-Imbedded. 

The alcnla receives little notice. It Indeed furnishes opportunity to 
quote Professor Nicholson's Monograph again to the effect that the 
radicle ( slcula} was present certainly In some and probably In all cases. 
We are then told that " when this probably shall have been actually 
made credible through numerons and not as heretofore by 'some cases,' 
I woald ask whether this organ may not be regarded as the foundation 
of the stem and have served for pretlmlaary Imbedding until, the lateral 
spreading of the 'cell-less root' or a broad disk moored it securely." 
Considering the overwhelming mass of evidence showing the slcula to 
be the embryonic stage, so to speak, of the graptollte, It Is only neces- 
sary to remark that Id some genera the slcula Is so imbedded in the 
substance of the poly par; that It conid not have been stuck In anything. 

For his next theory the support of Prof. Hall's authority (under date 
of 1B65) la invoked. This time It Is a revival of the view that the 
Monograptidm are fragments of compound forms; another defunct 
hypothesis wbich,natural enough for the date at which Prof. Hall wrote, 
lacks the slightest trace of support from later investigations. 

We arrive now at the proposed subdivision of the genus 3fono(rrap(us. 
We are here reminded very strongly of the methods of securing a change 
of dynasty In voRue In some of the South Sea Islands. When a king 
becomes aged he Is told by his son that he In bis turn wishes to mount 
the throne. The old monarch acquiesces and a funeral procession Is 
formed which escorts him to his grave. 8ome such custom seems about 
to be Introduced Into our midst. With regard to Herr JBkel's proposition 
to divide the genus iloriograpius we bsive nothing to say. It is not the 

iBroBBer, W. C.. 1882. Die sllur Etasen 2 & 3, Im KriKlanioKeblet- 
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dIvlBloD, but Herr Jftkel's mode of dlvldlDg that excites our apprehen- 
sion. Instead ot the cuBtomftry gemniatlon we ore inlrodnced to a pro- 
cess of nomenclatural (tHalon which we confess Ir new to us. Its chlet 
characterlatic seems to consist Id iiie entire ditavpearamce of th« nftiQiwxl 
genti9. We cannot bat proDouace tl a most flagrant violation of thft 
• rules of nomenclature. 

The genus Pritttonraptiu (one of the two unnatural offspring which 
have thus devoured their parent) Is characterized by an axis straight or 
bowed outward, a free mouth opening formed at the expense of the bev- 
elled upper tip ; thecal processes when present are fonnd upon the under 
lip. 

In PomalogmpttM (gen. n.) on the contrary the axis Is straight or 
curved Inward, the mouth opening small under the over arching upper 
thecal lip. 

Herr J&kel closes his remarka upon classlflcatloa by the foIlowInK 
Italicised paragraph : 

" T?ii« tughly intereattng caie (the above ' parallel ') toWi many athen 
»tuno» that t?te one-rou«d and vwre-rowed Qraptolttea are not ayetematAe- 
ally tepamble but are to be <^aa»lfUA i^ylogenetica^y and naturally from 
a higher point of view. " 

The description of RetUiUtm which Is perhaps the least faulty portion 
of Herr JBkel's article terminates the section devoted to Qraptolttea. 
At the outset Herr TOrn<iulst> feels compelled to except to the author's 
statement. He says: Little It anything is added to our knowledge of 
the generic structure beyond the points elucidated by the Swedish 
paleontologists during the previous decade. We need only mention the 
author's proposition to classify RetiotUes gelntizianus along with PrlMO- 
graptua (Monograptus). 

Herr JKkel tolls us (p. 666) that after acquainting himself with spe- 
cial literature of the Oraptoiithen-Geslein he found It Impossible to In- 
form himself with regard to the " almost numborlens " species on record. 

ina little of the MonoRraptidae we i3etect some signs which tend 

JO malte ns snapicToua of the new (tenera. Herr Jakel beUeveauiat a claSKlScs- 
Hon btued (principallr at least) upon the characters of the month opeuins could 



While knowina little ot the MonoRraptidae we i3etect s< 
> malte ns soapicToua ot the new (tenera. Herr Jakel bel 
Hon btued (principallr at least) upon the characters of the month opeuins » 
be aiiplied with advantase to all sraptollt^s, iDClndins "Che two ana u 
niireo." <p. esB.) Asain: All the varions types of Honostaptlds And pan 



jaonR the compound totms." Rather 
verr remarkable example Is famished 
1)8 aberrant pecnJlultias ponesEes its 



liy Monosrraptve ttftin. Barr. which with lis aberrant pecnJlaritias ponesEes il- 
correspoiidina parallel form In Didymugrapiuf bimucronaiii* VIUAt.. and DidVfBO- 
araplui quadrimurTonatuf Hall" (p. eetl). Further reading (p. SIS) shows thla 
" parallel " Us consist in the ponBession hy M. latin of Iwo spinM on tlu Hiirfer lip. 
Thla peculiarity the author regards as worthy ol generic distinction. Provision- 
ally it is lefluiKlBT FTUtioBTantufhaXbe remarks that if the remtuninKSrapIolites 
Bhonld be classified alons the line« he lavs down this should form the typeota 
new tcenos. We confess to having little sympathy with 9uch ffenera. 

iToniquUt. Sv. L... 18ea, Uiidsn«ikDingar ofv. Siljanaomradeta Qrapt., p. 7. 

" The very first lines rolatina: to that kcdus [Retiolitea]. 'Although the general 
structure ot RetioUtei iipfitili/anu* had already been qoite correctly reciignized 
and very aptly figured by Barraiide and Siiss. it wems lo me ' etc., seems raiher 
Incomprehensible, since It is known that Barrando and Siiss entertained tintliely 
dilTer«it oonceptions of the structure of that gcnna and how sharply the f-irmer 
protested asalust the latter's interpretation ot its rhabrtosoma. The author seems 
to have taken no cOKnizaiice ot what has been written in recent times on this 
matter, tor example, In as important a work as Tnllberg's 'ykanes Qraptoliter.' " 
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Thia we cui well iiQderstaiid ta the lltiersture Ifi quite Ifti^e. Sucb ac- 
quftlntancc 1b however, do less a tine qua non tor saccesatui speclallstic 
work In the gr&plolltlc Geld than in other departmenU of science. 

The follDwlDff new species are described : FrfttUmraptUB /requent. 
PamaUmmptaa pseudoprtbn, aod P. miampoma. 

Die OraptotUhen d. h. mirumiog. Mrtaevem in I>resden, by Dr. B. B. 
Oelnttz. Mitth. k. nHn. geol. u praMitor. JTuwum in Dre»d£ti, IX 
Cantl, 1880. 

After many fears spent in varied paleonlologrlcal researches. Dr. 
Qeiniti has once more turned his attention to the Graptolltes. 

The present work Is, he tells us, of the nature of a revision In the 
light of modern Investigations of the material which formed the basis 
for his valuable Monograph of ISSS.* 

The NereograptI are omitted Id the present work. Those forms with 
an nnsegmented canal as N. catnbrenn*, Murch., Dr. Oelnltz still con- 
siders nearly related to the living Pennatullnes (Flrfnttarfajuncotdea, 
Blalnv. and FunicuHna cylindrka Blalnv.) Those with a segmented 
CMial are regarded as allied to the living SereU and PhyUodooe, while a 
large number of the forms are ( as shown b; Nathorat and others ) to be 
considered tracks, etc., of worms. 

We notice that the author Includes RattrUet ( also J&kel's new genera 
PriMtogrccpais and PomatograpOu ) under Monogrofitua. Concerning 
the propriety of this arrangement we have no opinion to offer as our 
experience with the family Houograptldce Is praciically nil and we onl; 
note the author's synonymy as It accords with his original views and 
differs from the consensus of present writers. 

More Important, it seems to us. Is the refusion of such genera as 
ClivMcogmptu* and IXnwrphoffmpttM with IXpIograptua which thus 
again tends to Include a series of forms whose only similarity Is the 
possession In common of a double row of hydrolbecie. Dinwrphngraptas 
seems, ( so far as we can Judge from the studies of others ), to be a true 
transition from the Diplograptldffi to the Honograptldte. It Is of the 
greatest Importance In showing us the futility of classifications based 
solely on the possession by some part of the polypary of a single or 
a double row of cells. Before the discovery of the forms included In 
this genus the Dlchograptldte were looked upon as the ancestors of the 
Monograptldte and were even considered monograptlds solely becanse 
the bydrothecffi occur only on one side of the common canal. The 
modern Improvements In cl a salification form the corollary to recent 
researches upon the life history of the graptolltes, and are In large pari 
based upon the relation of the slcuta to the remainder of the polypary. 

Relative to CUmaoovapUS we must, while entertaining the highest re- 
spect for Dr. Oelnltz dissent almost In toto from the following passage: 

" Little regard is here taken of the scalarltormsot vorloiut Qrapotolltea <oriKl- 
natiuK through compresaion of t)ie homy flexible polyp-stem) which Hall has 
onited into tiie senna Climaeograptas since ita possession by safely determinable 
species I* little assured." 
The genus CH/maoograptHs is by no means (as one would Infer from the 

iQeiniti. H. B. Die Versteineningpn der (irsawackenform. In SiichM "" 
Abth. - - - — 
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Above ), founded upon, limited to, or Id sd; apmlflc w»; chftracterlted br 
or conoected with siuiltirlform impressions. Tbese Impressiona are com- 
mon to mkny genera but these generft do not for that reason become 
srnonjrras tor CUmacograptuB as deflned by Its author. The charac- 
ter by which Climaoo^iTaptu* is principally distinguished Is the depres- 
sion of the hydrothecal mouths below the surface of the polypary. 

Passing rapidly over that portion of the memoir which deals with 
synonymy we are glad to see Ste^uxnograptnu, (Gelnltz. 1S06), noticed 
as having clear priority over both Cwno^raptua (Hall, 1B68 ), and Seli- 
cogruptnt (Mich., 1866), as Its Just claims have heretofore been ignored. 
Like the other genera mentioned It was founded upon s. ffmcUte, Hall 
Oraj>IotUhu». 

We regret that DlMUograptut Hopk., has not fared better than Cttmo- 
oograptus. The detlnltlon given of DtAymogravtua Is "From a mostly 
short stalk (the slcals), extend In two opposite directions, sometimes 
nearer, sometimes farther from each other, MoDograptus-llke branches." 
Under It la Justly included (and the author Includes) the two genera 
Didymovraptug and DUxUoaraptas which are universally, and we believe 
most Justly, regarded as belonging to two exceedingly distinct families. 
But the deQnitlon seems te us entirely too comprehensive. 

Amid the wreck of genera we arc glad to recognize our old friends 
FhyllogToptue and RetioUtet and to meet again on the excellent plates 
which accompany this work the assemblage of farms which has become 
classic through the labors of the two pioneers of graptotlthology, Gelnttt 
and Barrande. 

U rider tcimlngaT ofver SUJanMonu-adeu QraptolUer by Sv. Leimh. Tom- 
quist. (LuTUia Univ. Ar»»krifl lorn. 26.) 

Previous writings are tlrst passed in review. From forty species In 
18B1 the number has been Increased by a score. 

The order of the strata is as follows: 

MEMBER. STRATUM. 

LepUena limestone? Lepttena Jlmestene? 

Rsstrltes state 'Various zones of Rastrites slate. 

Kllng limestone Kllng limestone. 

(Ked TrI nucleus slate. 
Masur limestone. 

Chasmops limestone ^ Cystid limestone. 

(•Flagllmestone- 

( 'Upper grey Orthoceraa limestone. 
Upper red Orthoceras limestone. 
Ortboceras limestone I Lower grey Orthoceras limestone. 

I Lower rod Orthoceras limestone. 

t^'Phyllograptus slate and green limestone. 

ob.iu„i»,..,o„. j gj;i:i?;:jf;r/.r'- 

■Have yielded graptoMlcs. 
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Th« R&strltes sUte Is undoubtedlr capable ot BubdlvialooB but tba data 
are defective. A provlsioDa! arrangement ot zones \% propoMd. 

The author Is disposed to question the received opinion that the 
graptolftea are closely related to the Hydrozoa as dIfBcult to reconcile 
with the structure ot Belfolitw aa set torth by himselt and Tull- 
berg. Relative to the structure of that genus ( R. ^nlizionu* ) the 
Ttews ot the author are In complete accord with those ot Ur. Holm 
given above. The relation of the last named species to ^omatogra'ptut 
ISmTutott, Tullberg Is shown and the Identity ot TuUberg's species with 
lUUoliUn grandU SQss, is established by comparison with specimens 
from SQsa'a type locality. RtOolttea oberuM Lapworth he thinks should 
probably form the type ot a new genus when better material Is obtafued. 

Passing rapidly over descriptions ot species whlchpossess little inter- 
est except tor specialists we note the suggestion ot Herr TCrnqulst that 
the genua Didymoffraptu* be made the type ot a new tamily, the DIdy- 
mograptidie. It differs trom the compound dlchograptids In having the 
slcula divided by a distinct wall from the two branches while !□ the 
dlchograptids the slcula merges without distinct boundary into the 
thecaphorous hydrosoma. In DldytnogTaptug moreover the branches 
«re given oft at different levels reminding one of the alternation ot 
tbeco-formation in the diprlouldlan graptolltes. Further on (under 
Phj/Uoffraptus den*us, TSrnq.) we find that the theca In Phyllagrapttu 
are Inserted at the same level in whorls of fours. The structure Id this 
genus is that ot four monoprlonldion polyparles soldered back to back. 
Ko distinct virgulee were observed. The author thinks some specimen! 
show a slcula with the point thrust ap Into the proximal thecal cycle, 
but adds that this requires conBrmatlon. 

Besides the above outline which contains the gist ot such parts ot 
Herr TQuQulst's paper as ar^ calculated to Interest the general reader, 
this excellent essay abounds in descriptions which well sustain the 
character ot the Swedish graptolltes writings for accuracy at specific 
definition and painstaking morphological study. 

The new species are ; Clonogruptut rabualug, Tetroffraptiu ourwitut, 
Dklvmograptua ffntctlie, D. decent, Climacograptiu itUenextu, Dlplo- 
ffrapttu belluliu. In addition to these many previously described torms 
are figured and their synonymy considered. 

QoOand* Oraptnliter, by OerhaTd Holm; BOiang tUl K. Sv. Vet. AK. 
Randi., 1890, XVI, Afd. IV, So. 7, , Spit. Alto Reprint, Stockholm, 

1890. 

This excellent paper contains the results ot the author's studies ot the 
graptolitic material trom Ootlaud added to the State Museum, since the 
publication of Llnnarsson'S paper of the same name eleven years ago. ' 

Llanarsson knew ot but three species ot Oraptoliteaoccurrlng In Got- 
land. Tnllberg and LIndstrom subsequently Increased the number to 
five. Mr. Holm has added three more so that the list now stands as 
follows: 

'LinnarBBon G. OIv. K. Vet. AK. Furli., 1879, No, 5, pp, 8-ia. 
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DlciTOnema cervtcorne (sp. d.) Monograptus Bubcooicus, TOrnq. 

DIctjonemaftbDorme (sp. □.) Monogrftptus dublus, SDsa. 

MODOgrftptus prIodOD BroDn. Uont^raptuB sp. 

HODOgraptuB prlodoQ vor. flemingll, Retlollteg gelnltzlanas, Barr. 
Salter. RetloUtes Qassa(9p. d.) 

Following Id the track ot Damea' and Broker's rcMarches the aathor 
dlicussea the Htmcture of the genus Dlebyontma. Particularly apt 
Beenoa to as bis views regarding the lietefogeDeous oaiure ot the species 
Dsuall; referred here. For example we find in this genus a species 
(D. fiabell^formie) which Is undoubtedly cieuEote, associated with species 
moBt ot which are probably, and some of which are certainly not bo. 
Ab he remarks the (forgraptollles) unprecedented vertical range of the 
genus furnishes additional reasons tor suspecting some of the generic 
references. We may, however, note that the slculate and non-glcnlaie- 
types occur at one and the same horizon. But a generic division cannot, 
as Mr. Holm gars, be satisfactorily established until the species are 
more thoroughly known especially in the proilmal portion. 

Under the description of D. ceroicome we are introduced to one 
of the most beautiful elucidations of graptolite structure that we 
have ever seen. The anthor Imbedded a specimen In Canada balsam 
lace down upon a slide, and then removed the limestone matrix by solu~ 
lion with acid. Part of the wall of the fnnnel-shaped polypary was 
thus obtained In full relief with the parts in their normal relations. 

The thec» are seen to form one vertical row and to terminate in a 
long haf-fork like spine. Situated alternately on the two sides of 
these spines ( and thus forming two vertical rows ) are peculiar cup- 
shaped bodies, ("by-theciB") which are compared by the author to 
bird's-nests. They are divided from the tbecce by a wall. It could not 
'be ascertained whether any connection existed between these by-tbecffi 
and the adjacent thece, or whether the former communicated with the 
common canal. He suggests that they may be gonan^jia. It Is owlnn 
to this arrangement of the tbecffi In one vertical row along the Inner 
face, and of the by-thecta in two vertical rows along the lateral faces of 
the branch that when looked at from the side the branches appear 
serrate on account of the thecce and when looked at from without thi> 
thecs are Invisible being hidden by the branch, which latter presents a 
ilg-zagged appearance owing to the alternately projecting by-thecffioii 
either side. The connecting jiross- filaments are shown to be flattem-d 
from above downward. They are bow-shaped with the conveilty out- 
ward andpossess a pitted surface and outwardly projecting branches. 
They correspond in number to the thecte beween each pair ol which 
they project. 

Not less beautltui than the foregoing demonstration Is that of the 
■tnicture of the polypary in BettoltUi geinittianwi and 3tojnalogTapta» 
tSrnquiMI,* 

In the former species we see two virgulfE ( the one straight and the 
other zig-zag) occupying the central line of opposite faces of the 

'AltliouKh many ot tliese points liare been prerinnslr iinted. tbia ilescrlpcloii is 
wnrtliy nf^uientinn aait la almost the Hist based upon cliorooshly satisfacuiry 
material, 
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Bqnare-prlBtDold po1;parr- From each convex angle of the zig-zag and 
from a corresponding level of the straight virgula, there extends out- 
ward Id the reticulated wall of thepolypary, a chltinous bar ( "parietal 
ledg« "). Id the ventral ( outer ) wall of the polypary the parietal ledges 
are coooected by a horizontal " month-ledge." Tracing the parietal 
ledges back toward the central line of the polypary they are seen to be 
deftected upward In the vertical and Inward In the horizontal plane »o 
that they sink below the surface, t e., Into the Interior of the polypary. 
Near the point of deflection they are connected by a bar which traverses 
the Interior of the polypary ("inner cross ledge"). On the trapezoidal 
frame formed by the mouth-ledge, Inuer cross ledge and two parietal 
ledges Is strung a fine chitlnous network which Is an inward extension 
o( the exterior network serving to divide adjacent thecs. The external 
network Is stretched over the whole surface of the polpary being attached 
on the ventral surfaces, to the mouth-ledges and on the lateral surfaces 
to the parietal ledges as tar as the point where those ledges become de- 
flected below the surface. At this point the attachment to the ledges 
ceases and the network is stretched across the median line to the sim- 
ilar angle of the opposite parietal ledge. Prom all this it follows that 
three canals extend the lenfith of the polypary in the median line. The 
central of these Is the common canal which is bounded on either side 
by the inner cross ledges and front and back by the two virgulas. Be- 
tween this canal and the network (stretched across from angle to angle 
as described above ) lie two canals, one in front of and one behind the 
common canal. It Is thus easy to see what diverse appearances maj be 
presented by one and Che same polypary under different degrees and 
directions of pressure. Preserved In relief neither virgula Is visible; 
the external network with the parietal ledges extending toward but 
stopping short of the center being ail that can be seen, while It subjected 
to compression, the zig-zag, or the straight virgula (or with greater 
pressure, both the zig-zag and the straight virgula) becomes visible. 
The specimen which has furnished this description [alls to show an 
outer envelope or Inner dividing walla, but the author cites several 
authorities to prove the existence of these structures. 

In a general way the structure of SEDTnofo^aptiu t&rtupiisti resembles 
that of R. gtxnUsAataiM. The epidermic coating of the network Is, how- 
ever, coarser and the virgulas and ledges Bner than In the latter species, 
and the plane of the thecal mouths Is oblique to the long axis of the 
polypary so that In profile the latter appears serrate. In a welt preserved 
specimen of 5. torn^tMt Mr. Holm detected an epidermic layer external, 
and an endermlc layer Internal to the network. The outer and inner ar« 
smooth and without gaps, the middle alone being cribriform. 

Onr author believes ( but was not able to demonstrate ) that Interiorly 
the Inter-lhecal partition planes are attached to the Inner cross ledges. 
He further believes (In opposition to Tullberg's opinion), that the 
thecse were not delimited interiorly by a porous membrane from the 
common canal but that the communication between the two was un- 
restricted. 

The remainder of this admirable article la devoted to a criticism of 
Jilkel's essay which has been noticed above. 
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THE FLOOD-PLAIN AND THE MOUND BUILDERS. 

Br Stbpiuk D. PaxT. Fh. D., Hendon, 111, 
Ooe of the moet interesting problema which the geok^ist and 
the arcbieologist in their combined capacity may undertake to 
solve is that presented by the flood-plain. The flood-plaln is, to 
be sure, altogether a natural creation while the mound-builders' 
works are artificial. Yet the two are so related that they may 
well be studied t(^etber. Both arecomparatiTely modem, the ap- 
pearance of the flood-plain and the erection of the earth-works 
having been subsequent to the glacial epoch, but both preceded 
the historic period. Great changes have indeed occurred in them 
since the historic times, but they are in (^posite directions, as the 
flood-plain seems to be more plainly visible and is fast becoming 
a regular formatjon, the last of the sedimentary layers, while the 
earth-works are fast disappearing and are only advancing in their 
decay and desolation. 

The enquiry which we desire to make has regard to the time 
which has probably elapsed since the erection of the earth-works 
as indicated by the growth of the flood-plain. 

The first enquiry will be about the so-called elephant etSgy 
which we referred to in one of our former papers. This efflgj' is 
on the flood-plain, one of the very few which have been discov- 
ered on this plain. The question which we ask is, was it an ele- 
phant which was thus built in eflSgy on a plain which is now oc- 
casionally covered with water s as to be coteuiporaneous with 
the ancestors of the Hunter Indians ? The efflgy of the elephant 
seems to have met the same fat« in Wisconsin which the rotunda 
mound has in Ohio. The flood has come up occasionally and 
washed bis feet and his proboscis until his form is obscured be- 
yond recognition. The clover was to be seen growing on the 
form when we last saw it, the water of recent freshets having 
drowned out all the clover v^etation in the swale where be lay, 
but for the life of us we could not tell whether the eBBgy was of an 
elephant, a bear or some other huge animal. . . , We, however, con- 
cluded that the efllgj- must have been comparatively recent for the 
flood-plain must Lave been constantly covered with water not a 
very long time ago ; that is, as we reckon time in the history of 
extinct animals. Our opinion is that the Cherokees built their 
burial-mounds on the flood-plain of the Scioto in Ohio about the 
same time that the Winnebagoes built a bear or buffalo efHgj' on 
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the flood-plam near Wyalusing, in WiscoDsiD, and that neither of 
them were very ancient This, however, cannot be said of the 
village enclosures of Ohio nor of tiie pyramids of the soath, for 
these mounds seem to be now far Iwyond the reach of floods, and 
hence older. 

Still we have this signiflcent fact that there are in the Daven- 
port Academy some elephant pipes and a, tablet with some figures 
which resemble elephants. Davenport is near the mouth of the 
DesMoines, not very far from the great Meredosia slough and a 
little south of MuscaUne lake. Now these are all surrounded and 
full of the late floods and can pertiaps be called the last part, or 
the lowest part, of the flood-plfun. No mounds are found on this 
low groond. But it is claimed that the mound from which the 
tablet was taken is on the low ground, which might be considered 
the river bench, only eight feet above high water. Now shall we 
take this as evidence? The members of the academy maintain 
that the elephant pipes are genuine. Shall we put the mounds 
on the river bench back so far as to allow the elephant or the 
mastodon to have been present, or shall we bring the mastodon 
up to the tame when the river bench was eight feet above the 
water and when the elephant efflgy was frequently submerged? 
Let us see where this will lead us in reference to the other mound 
builders and their antiquity. The hunter-tribes of which we are 
now speaking are the very last of the prehistoric mound builders; 
there were other tribes which preceded them by many years, per- 
haps by centuries. We grant tiie point about the mastodon for 
the sake of the ailment Then it makes the mound builder 
to precede the appearance of flood-plain and the disappearance of 
the mastodon. 

We now tvm to the mounds of the flood-plains as compared with 
those cm the bluffs. Here ,we quote from the geological report 
of Minnesota. Mr. Wm. ColvUl says, < ' The Assiniboines, the 
Omahas, the lowas and the Siouxs successively dwelt along the 
river in this count; ( Goodhue ). All the mounds on the edge of 
the high bluffs are different from those of the terraces and those 
on the terraces different from those on the river-bench. All the 
monnds on the river-bench were said by the Sioux to belong to 
the Assiniboines. The dwellings were constructed by digging pits 
and placii^ posts or supports inside and covering the whole 
with brush and earth. In case of denth within the dwelling 
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waa completely filled with earth, thus buning the house &nd 
all. All these mounda show the hearth as a burned clsj- bottom 
with charcoal and ashes. The terrace-mounds were built when 
the flood-plain was covered with water and when the lake reached 
the base of the bluffs. The mounds on the bluffs were generally 
loose piles at stones having circular openings or hollow cones 
high euoogh for a roan to stand erect They may have been lock- 
outs or war towers. The lowas and the Omahas came here after 
the expulsion of the Assiniboines. They bad villages at Lake 
Pepin. There are mounds at Lake City which are said to have 
been built by the Om^as. There are game drives. The Oma- 
has were driven out of the state by Bed Wing and by Wabasha. 
There are lai^e mounda at Betle Creek in the shape of effigies on 
an isolated knob, one in the shape of a turtle. " 

The writer has discovered the same succesdon of mounds in 
Wisconsin and other places. Here the latest were nearest the 
water, those earlier were on the terrace above and the earliest of 
all on the top of the bluffs. These were effigies. The mound 
builders proper were in the country' when the flood-plains were too 
wet to admit of access. But the Indians came and encamped on 
these flood-plains, leaving shells and hearths and jdebris near the 
water after the water had subsided. A succession of mound 
builders filling up the gaps and making the terraces the places 
where they built their mounds. 

Here, then, we have the same story as before ; some of the 
mounds were built since the flood-plain was dry, or comparatively 
so, these being cotemporaneous with the later Indians, and some 
of them buUt when the water was over the terraces and near the 
bluffs, evidently built by the earlier mound builders. 

Let us go down the river farther and look at another class of 
works. We flnd a fiood-pl^n but it seems old, and the works on 
it even older than the plain itself. We can imagine how the hunter 
kept out of the way of the flood and yet built his burial-moundd 
on the bluffs adjoining the swamps and lakes. But what shall we 
say about the i^iculturist who built his pjTamid on the flood- 
plain itself ? Here is the Cahokia mound; it is 100 feet high, 
has a terrace 300 feet wide, and fifty deep. It is attended by 
sixty or seventy other mounds similar in shape and size. These 
mounds are all on the great American bottom; that bottom is a 
flood-plain; It is a flood-plain which is now rarely overflowed. The 
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writer had the privilege of visiting this mound in companj with 
Hon. Wm. Collins who spent his youth at Colliusville near this 
mound. He informed me that, in the year 1840, this American 
bottom was overflowed and that steamboats floated over it in res- 
cuing cattle and men, and landed their cargoes at the foot of the 
bluff three miles from the group of mounds. There baa been no 
overflow tor fifty years and the land is now as dry as the prairie. 
It is covered with fine farms and the mounds are covered with 
farm-houses and bams, and outhouses, many of them being large 
enough to accommodate all these and give room for the kitchen 
garden besides on the summit Now the point which we make is 
tJiis: if the hunter mound-builder built his burial mounds bef(»e 
the time of the dlaappearanee of the elephant or mastodon, and 
the agriculturist built his pjTamid apon the fiood-plain as a place 
for an agricultural settiement, how l<xig ago was the mound builder 
living and fllliog the scene with bis activities? These pyramids 
were perhaps bailt while the bottoms were subject to overflow. 
Perhaps it would be called a city of the monnd-builders, but it 
was a ci^ which in some respects resembled the palafittes or lake 
villages of Switzerland, "a lake dwelling "on dry land a part 
of the time, and a palafitte in an overflowed district the other 
part The bottom lands extend for eighty miles north and south 
and are in places some e^ht and ten miles wide, and are covered 
with a number of mound-builders' villages similar to the one de- 
scribed The same fact is also perceptible in the pyramids at 

Seltzertown and in Bolivar county, Miss. 

The drainage of the flood-plain has occurred since the pjTamids 
were built The pyramids are really older than the flood-plain. 
The height of the platforms and of the levees or long walls is sig- 
nificant here. In looking over the works we learned that the 
terraces were all at least twenty feet above the level of the ground. 
The majority were three times that hight — or were so originally, 
for many of them have been graded down to make foundations 
for the farm-houses. Now take a vast plain covered with laige 
farms and villages scattered over it and not a flood that has cov- 
ered it since 1840 and then put water over it twenty feet with the 
inhabitants crowded on the summits of their pyramids or crowded 
on the terraces looking down on the wide spread flood, and you 
have a picture of the two ages, the historic and the prehistoric, 
aad the contrasts between the two. As to the Buffalo baviug 
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been prevalent at this time, we leave that to otmjectnic and to 
traditi<Hi. 

Gen. Claiborne in hia histor\- of Miaaiasippi aays that the tradi- 
ti(Hi waa common among the Choctawa that a race of gianta 
(ormerly existed at the south and that they used herds of mam- 
moths aa beasts of barden. These herds devoured evei^'thing and 
broke down the forests. The last animal of the kind bad his home 
on the Tombigbee. The Great Spirit stmck turn several times 
with tbe lightning. Bat be presented bis head to the bolt and 
it glanced off. Annoyed by this, be fled to tbe Mississippi and 
with one mighty leap cleared the stream and fled to the west. 
Here we have a tradition of the boffalo wbicb formerly roamed as 
far south as Florida. 

We now return to the flood plain in sontbem Ohio. Here tbe 
Tillages were attended with covered ways and canoe landings, et«. 
and these covered ways, all of them, end at the edge of the 
terraces bnt the water baa gone, and the land is high and diy .... 
Thia occurs so often that it ceases to surprise us. We find it at 
Fiketon, at Hopeton, at High Bank, at Newark, at Marietta and 

in fact at ever}' place where there is a covered way The hight 

of the terrace above tbe water varies with localities but it is about 
equal to the hight of tbe platforms at Cahokia and ranges from 
thirty to forty feet Tbe following are some of tbe figures given 
by Sqnier and Davis.... At Piketon tbe graded way ends at a 
point half a mile from tbe river, and there are between it and the 
river two terraces each twenty feet high. The evidences are, how- 
ever, that the river "once flowetl at the foot of tbe graded way." 
At Marietta the grade runs from the upper terrace to a lower one 
680 feet long and 150 wide; the bight on wbicb the same encloa- 
nre is found is from 40 to 60 feet above tbe bottom land, and 
tbe bottom land is from 35 to 40 feet above the water of the river. 
Tbe graded way ends at a distance of several hundred feet from 
tbe water's edge though "it is supposed that when they were built 
tbe water flowed at the edge of tbe terrace. " At Hopeton the 
covered way formed of ptuallel walls runs from the village en- 
closure to the river about half a mile, and is one hundred and fifty 
feet wide. The walls terminate at tbe e<Ige of a terrace, "at the 
foot of which it is evident the river once ran, but between which 
and the present bed of the stream a broad and fertile bottom now 
intervenes. " .... At Seal township tbe square and circle are upon 
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the terrace, but the circle is partially obliterated by the wash of 
the river vhich formerly flowed near, but is now at a ' 'long dia- 
tancei" the ancient bed is distinctly seen at the foot of the ter- 
race. " The cedar bank worka are, on a steep precipitous bank, 
just above the river, at a hight of about eighty feet, but the wall 
on the river side lias been entirely obliterated, showing that much 
time had elapsed since tlie works were deserted. At High Bank 
the works are seventy-five feet above the river but they estend 
half a mile south. . .The works at this point have been washed and 
obliterated by the river, though its bed is now a long distance 
from the works. A series of works on Paint creek show the same 
changes. One village was theu almost obliterated by the river 
but the river is now over a mile away. At Newark there is a 
graded way which formerly ran out to the water's edge but it ends 
on dry ground, while the covered way on the other side of the 
village which formerly reached the water now terminates on a 
wide bottom and the water is at a long distance away. The same 
is true of the walls at Portsmouth. These formerly extended to 
the river from the works on the upper terrace across both ter- 
races, and were seven miles in length. They were ao arranged as 
to give the idea of ferries connecting the sacrificial place with 
the sun symbol in one direction and the square enclosure in the 
other direction — three groups, two ferries and 24 miles of wall. 
The walls at Portamouth have been encroached upon by the Scioto, 
which has changed its channel and turned toward the wall and 
now flows where the wall once stood. The works near Dayton 
were formerly on the same level where now a neat modem village 
stands. The great Miami however has so overflowed its banks 
since these works were deserted, that the circle which was farthest 
away, near the edge of the bluSs, has been washed away and 
parts of it are not to be seen. The modem village lies entirely 
between this circle and the river, but the modem village is never 
flooded. 

These facts are significant. The rivers might have sudden 
freehets and so change their channels and make great havoc with 
the earth works, but where the land has become so dry and high 
that white men place their farms, build their bouses and erect 
their villages on it, we may Judge that much time baa passed. We 
cannot look upon the earth-works as so recent as some would 
make them. 
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As to the begioning of tlie moond-bnilder period we will give 
a few facts. In the last namber of the Popular Science Monthly 
Mr. J. F. James has given as a diagram of the old ice dam and 
of the lake Ohio which was cauaed by the glacier which is sap- 
posed to have crossed the channel of the river here. Now there 
may be a difference of opinion about this lake and the dam, and 
yet there is a significance to the map. It is a map of the territory 
of the village mound builden, the most interesting class of moond 
builders which we have. Of course this does not prove mach in 
reference to their age, and yet the limits of their territory and of 
the so-called lake are the same. Here we place the reign of the 
mound builders. If the paleolithic people preceded the forma- 
tion of the lake, or were cotemporary with it, the neolithic cop- 
per-using mound buitders were subsequent to it If the Indians 
of the hunter class were subsequent to the appearance of the bot- 
tom lands while the flood plains had become what they are, the 
village mound builders preceded them by many years. In this 
way we read dates into our Archieological records. We have the 
limits marked by geological changes. 

The cloaeoftiie mound building period. . Dr. Thomas has iDvesti- 
gated a mound in the Scioto valley which was swept by the floods. 
. . . .This mound is near a series of earth works which are called 
the Baum works situated on the lower land in the vicinity of 
Chilicothe, Ohio. The argument is that as this mound was so 
near the village enclosure, and as it contained some peculiar 
chambers which resemble tbe rotundas of the Oherokees, the vil- 
lage mound builders were Cherokees, a comparatively modern 
people. This, however, is the very point which we doubt. The 
evidence is that Ohio waa overrun b3' a succession of races or 
tribes and that the early race of sun-worshippers >»ho built walled 
villages and graded ways and dance circles, and sacred enclosures 
for burials, never placed their mounds on the flood-plain, but al- 
ways on the upjjer terraces ; but the Cherokees having been a 
later race would naturally place their works as did all late tribes 
on or near the flood-plains. 

Tilt growth of the flood-plain in this locality seems to have 
been at tbe_ expense of the terrace on which the majority of the 
village mound builders placed their enclosures, and so the de- 
struction of the terrace may be regarded as a measure of the time 
which has elapsed since the villages were deserted. We find the 
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-works of the mound builders sometimeB associated with the flood- 
plain, but the association was more ancient than the proximity of 
the village was to the water which fonnerly covered tiie plain. 
Formerly the waters flowed peacefully at the foot of the terrace 
on which the villages were built and the covered ways ran eagerly 
to meet them. Between these covered ways we imagine the peo- 
ple to have frequently passed, all of the time relying on the earth- 
wall to protect them from every lurking foe. We imagine also 
that the canoe navigators frequently landed on the grades or in- 
clines and drew up their canoes, quite secure in their feeling that 
the friendly stream would not make an onslaught and carrj' them 
away. But by and by, for some reason, this ver}' water which 
was so full and strong b^an its uncertain, unstable course. It re- 
tired from the foot of the. terrace, it shrunk away from the vil- 
lages, it began to 9ow in the narrow channel, but it was constantly 
rising and overflowing its old flood-plain, and then the havoc be- 
gan. The river not only deserted the village but it turned 
against them and b^;an to even undermine the defenses, and the 
walls were soon opened and wide gaps appeared in the enclosures. 
The villagers, however, had gone before this occurred, for there 
seems to have been no repairing of the breaches and the water was 
allowed to do as it would. 

In two remarkable cases it so happened, however, that after 
the villages on the terraces were deserted, and after the flood-plain 
was snfflciently dry for a later tribe to build its earth-work or its 
rotunda, then the earth-work appeared which Dr. Thomas calls 
the Cherokee monument. This is our argument; the village 
of the sun-worshipper on the terrace, and the rotunda or tomb or 
whatever it is on the flood-plain, were not really the work of the 
same people, but that the havoc of the flood against the teirace 
and the drainage of the same plain all took place since the ' ' lost 
race " made its appearance and took its departure. 



REVIEW OF EEOENT GEOLOGICAL 
LITEEATUEE. 

Chemical and QeolOi/Uxil BMaj/t. By TiiouAS Sterry Hunt. Third 
editioD, with a new preface, pp. :XLVI and 489, 8vo, 1891. Scientific 
Pablishlng Co., Kew York. The cbapterL of this book ore as rollows : 
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Theorj' of igneous rocks aad voIcadoos (13S8); Od some points Id chein- 
icsi geology (18S9); Tbe chemislr? of meta marphic rocica (1803); Tlie 
chemlstr; of tlie primeval earth (1867); The orlglD of mourttaiDa (1S61); 
The probabie seat of volcanic action (lSfl9); On some points In dynami- 
cal geology (I8SB); On limestones, dolomites and gypsums (185S-6«); The 
chemistry of natural waters; On petroleum, asphalt, pyroschlsts and 
coal; Od granites and granitic vein-stones (1871-72); The origin of 
matalliforous deposits : The geognosy of the Appalachians and the origin 
of crystalline rocks ; The geology of the Alps; History of the names 
Cambrian and Silurian In geology; Theory of chemical changes and 
equivalent volumes (18S3); The constitution and equivalent volume of 
mineral species (1853-63); Thoughts on solution and the chemical 
process (1854); On tbe objects and method ol mineralogy (18e7); Tbeory 
of types In chemistry (1818-1881). Tlie volume Is dedicated to James 
Hall. 

Such topics, covering nearly the whole field of chemical geology, are 
discussed In Dr. Hunt's well-known style — a style which for breadth of 
learning and comprehensive scope, no less than for Its peDetraling, ap- 
prehension of the occult relations of cbemlcal and dynamic forces, 
has caused bis writings to be held among our highest speculative au- 
thorities on those subjects. The geological literature of the latter half 
of the nineteenth century will always bear a profound impress derived 
from the labors of Dr. Bunt. 

The WoagU. Insects of NorOi America, tdOi miles on, same European 
specf««. By Sauubl H. Scitddbb. Vol. I. The Pretertiary Insects, 
pp. X, 4S5, wltb 35 plates. Vol. II. Tbe Tertiary Insects, pp. 734, wltb 
map of tbe Tertiary lake basin at Florissant, Colorado, and 38 plates. 
(New York : Macmillan 4. Co. 1890.) A series ot eighteen essays, origi- 
nally published In the Memoirs of the Boston Society of Natural History 
from 1866 to 1890, forms the first volume of this work, which Is hmlted 
to one hundred copies. Bibliographic references and an index are added. 
Tbe longest paper, which bears date of 1879, comprises 111 pages and 
treats of Paleozoic cockroaches, bolb North American and European ; 
and another paper of 46 pages, reviews the Mesozolc cockroaches. 
Winged Insects are known to have existed during the Silurian period, 
but up to the close of Paleozoic time they were represented only by a 
generalized form, which bad tbe front wings as well as the bind wings 
membranous. In the Mesozolc era, according to Mr. Scudder, " a great 

differentiation took place, and before Its middle all of the orders 

were fully developed In all their essential features as they exist to-day." 

The Second of these volumes was published last year as number XIII 
of the final reports of the C. S, Geological Survey of the Territories, 
which was conducted by the late Dr. F. V. Haydeo. About a third of 
this volume, comprising the Arachnlda, most of the Neuroptera, and the 
Orthoptera, was written during tbe years 1S31 to 1SB4 ; but the descrip- 
tions of the Coleoptera, Diptera, Hymenoptera, and Hemlptera, the last 
being the most extensive group, were written during tbe two years Im- 
mediately preceding publication. For the lower orders, all tbe Ter- 
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tiary species from all localities Id North America are described, being 
as follows; Myrlapoda,!; Arftcbnlda, 34j Nenroptorft, M ; Onhoptera, 
30; and Hemlptera, 260. The collections of the hlgber orders Irom the 
wonderfnllr rich Insect-beartog beds of Florissant ret remain to be 
elaborated ; and for these orders the present volume contains only the 
species known trom other localities, these being oF Coieoptera, 113 (In- 
«iiidinfr 37 Pleistocene species); Dlptera, 79; Ijepidopt«ra, 1; and Hy- 
menopters, 23. The total number of species thus described is SIS, or 
which 975 are from Tertiary formations, mostly called Otigocene, In- 
Colorado, Wyoming, Utah, and British Columbia. OF the Pleistocene 
species, 20 were collected by Hr. George J. Hinds In the interglMlal 
b«ds of Scarboro Heights on the north shore of Lake Ontario near 
Toronto, none of them identifiable with existing species ; and 11 others, 
likewise now extinct, were found In bone caves at Port Kennedy. Penn- 
sylvania. 

When the study of the Florissant coilection!i shall be completed, they 
will add accordlDft to Mr. Scudder's estimates, about 429 species of 
Coleoptera, besides many Dlptera and Hymenoptera. Seven butterflies 
from the Florissant beds have been previously described by Mr, Scud- 
der In the Eighth Annual Report of the U. S. Geological Survey ; and 
since then another species of exceptional importance has been found. 
There are also probably eight species of Florissant moths. 

The Florissant lake basin lies at an altitude of about 8,000 feet in a 
narrow valley of the Front Bange of Colorado, near Pike's Peak. Its 
length Is 7 or 8 miles, with a maximam width of Ij^ miles. Its sedi- 
ments attain a thickness of 90 feet or more, and consist of volcanic sand 
and ash, with which. In the upper halt, myriads of plants and insects 
are entombed. The layer in which the insects are most abundant and 
best preserved has a thickness of about two feet. Lesqnereux concluded 
from his Investigation of the fossil flora that the ciimaU at the time of 
deposition of these beds was much warmer than now, being nearly as at 
present on the northern shores of the Gulf of Mexico. The few ^sbes 
found in the same lacustrine deposits also indicate, according to Cope, 
a warm temperate climate; and the insects, as Mr, Scud der believes, fully 
sustain this opinion. No very definite determination of the age of the 
strata has been reached, but they are referred provisionally to the lower 
Miocene or Oligocene. Only slight disturbances have taken place Since 
their deposition, for they are silll horizontal In their northern part, 
while their southern part has been uplifted so as to give a northward dip 
of about two degrees. The Inclination caused the lake to be emptied, 
and since then subaSrlal erosion has channeled the basin mostly to a 
depth of 30 or 40 feet, removing the greater portion of Its fossiliferous 
beds, but leaving plentiful remnants of them along Its shores and about 
Its Islands. 

In this branch of paleontology. Mr. Scudder has been almost the sole 
worker on this continent, and the present volumes well attest his in- 
dustry and the wealth of his materials. 
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Tertiary and PoglrTertiary cttanges nf the AOHntic and PtM^c coaaU ; 
iiriiha note on Hie mutual Telailona of lan^etetxUUyn and ice-aecumulaaon 
dwlmj the QiUtTtemary period. By Jobkph Le Costk. Bulletin oF the 
Geological SocletT of Auerlcft, Vol. il., pp. 323-330, with one flKure ; 
March 16, 1891. The submarine CDDtlDuatlans of the cbiDii^or the 
SI. Lawrence, Hudson, Deleware, SusquehaDoa, and MUslasIpp] rivers 
are cited as prool that the Atlantic coast of North America was up- 
lltted during the Pliocene period, attaining, probably la the early part 
.of the Quarternary, an altitude of 3,000 to 3,000 feet above Its present 
hlght. Its northern coasts were also uplifted, as shown by flords. 
The elevation of British Columbia, according to Dr. G. M, Dawson, was 
at least SCO feet. That It may have greatly exceeded this amount, is in- 
dicated by the submerged channels discovered on the coast of California 
by Prof. George Davidson of the U. S. Coast Survey. Not leas tlian 
twenty of these sunken Sords bare been found between Cape Mendocino 
and San Diego, within a distance of about 700 miles, some of them 
reaching depths of S,000 to 2,G00 feet. Like the Hudson submarine 
channel and fiord, these have all the distinctive features of subaErial 
erosion, and they are regarded by Prof. Le Conte as decisive evidence 
that this part of the continental plateau has been greatly uplifted, sim- 
ilarly with Its eastern portion and probably at the same time. The 
Bubmuine channels of California, however, are not continuations of ttie- 
present rivers, and none exist opposite to San Francisco and the Qolden 
Gate. Professor Le Conle therefore suggests that the drainage of the 
great valley of California during Pliocene time probably passed Into the 
sea farther south by a deeply submei^ed cliannel which Is traced by 
oundlngs In the Monterey bay. Orogenic movements, accompanying 
the Quaternary subsidence of the coast, have turned this outlet through 
the Golden Gate. Others of these submerged channels seem te have 
been cf^ons formed by short streaias In their descent from the western 
slope of the Coast Range when it was raised with the whole region tar 
higher than now. 

In a supplementary note, the author concludes that the Pliocene eleva- 
tion of the continent culminated In the early Quaternary, and was one 
of the causes of the Ice-accumulation ; that the load of Ice caused sub- 
sidence below the present level ; that the removal of the Ice was the 
cause ot the re-elevatlon te the present condition ; out that all these 
effects lagged far behind their causes. 

Composition of certain Meaozoic igTUou» roeke of Virginia. By H. D. 
Caupbkll and W. O. Brown. Bulletin, G. S. A., vol. II., pp. 339-34S ; 
March 18, 1801. Two exceptional varieties of the otherwise remarka- 
bly uniform eruptive rocks occurring in the Mesozoic belt of our Atlan- 
tic border are described, with analyses, under the names hypersthene- 
dlabase and ollvlne-hypersthene-diabsse. The former Is known at lo- 
calities In Virginia, New Jersey, and Pennsylvania ; but the latter has 
been noticed at only one locality, near Rapldan, Culpeper county. Va. 

The Cinnabar and Bozeman coal fleldg of Montana. By Waltkk 
Harvey Weed. Bulletin, U. S, A., vol. li., pp. 340-3S4, with a plate 
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And two figures ; March IS, ISltl. Bituminous coal of excellent qnnllly 
Is mined both In tbe Cinnabar field, which occupies % small area on the 
Yellowstone river just below the National Park, and Id the BoEemait 
field, which lies some forty miles farther north and Is of large extent, 
Its coal-bearing strata having been traced about 100 miles Mr. Weed's 
work during the past year for the U. S. Geological Survey shows the 
Identity of the coal measures In these areas, and from paleontologlc 
evidence they are referred to the base of the Laramie series. It Is 
noteworthy that the coal of the Boieman field often rests directly on a 
sandstone Soar, without any Intervening layer of fire-clay. The floor Is 
sometimes very uneven, with the coal filling Its depressions ; but the 
roof Is generally even and regular, and Is usually a firm and compact 
sandstone, needing only a small amount of timbering. Analyse? of 
these coals Indicate a low percentage of ash and water, and the com- 
plete absence of sulphur has led to their extensive use In the mannfac- 
nre of coke. In this region the thickness of tbe marine Cretaceous 
formations between the lower coal seams and the Jurassic limestones 
and shales Is about 3,600 feet. 

On the recocrnttlon of the angles of cn/»taU in tfu'n lenMont. By Al- 
THBD C. Lake. Bulletin, O. S. A., vol II., pp. 369-382, with one plate; 
May 1, 1S91. This strictly technical paper, which forms a part of the 
author's work for the Michigan Qeologtcal Survey, presents methods of 
determining graphically the locations of the random sections of miner- 
als under the microscope. 

Johns Hovlcini TJntveraitV Scientific Expedition*. The University Clr- 
cnlar No. 89, for June, contains the reportii of the scientific expeditions 
Into southern Maryland ; the party, which was composed principally of 
the students of the University and the members of tbe U. S. Qeologlcal 
Survey, was under tbe leadership of Dr. W. B. Clarke, of the University, 
and Mr. W. J. McUee. The Eocene and Neocene rocks were the ones 
principally examined ; one section of Neocene between Cove and Drum 
points being particularly fosslllferous, vleldlng about thirty species. 
There are also reports on the agriculture by Milton Whitney and one on 
the archaeology by W. B. Holmes. 

RemaTks on the reptUti f/enerally called DLnogauria. By G. Baur, 
Clark University. <Am. Natl. 35, May, 1891, pp. 134-4M.) 

Dr. Baur reviews this group from Owen's " British Fossil Beptlles" 
to the present date and concludes that as at present arranged they form 
an unnatural group. He stales, and his evidence and summing up of 
the different families fully sustain his view, that " The group generally 
called Dlnosaurla Is an unnatural one, which Is composed of three 
special groups of archosaurian reptiles, without any close relation be- 
tween each other. The Dlnosaurla do not exist. The so-called Dlno- 
saurla contain three groups of reptiles, which ought to be called Iguan- 
odontla, Megalosauria, and Cetlosaurla." Be then proceeds to give the 
distinctive characters of these three groups and finally their geological 
distribution. Do we understand that Dr. Baur would eliminate the 
order Dlnosaurla? On page 447 ''• • " the study of the skull alone 



I .y Google 



86 27ie Amerioan Odoloffiet. juiy. isbi 

would be sufficient to show that tbe Dlnouurls Is an absolute!; un- 
natural group without any right to existence; it shows that the three 
members, Ignanodon, DIplodocus and Ceratosaurus belong to three dis- 
tinct ftroups of MoDocondylla, with very little relation to each other." 
In a foot note on page 490, Dr. Banr says: " • • Ceratops Marsh la the 
same as Monoclonlus Ckipe, as I know from actual study of the types. 
That Agattaaumaa Cope Is the same as Trlceralops Marsh will be ad- 
mitted by everybody who will compare the original plates of the sac- 
rum, dorsal vertebne and the lUum of Agathanmas by Cope with those 
of Triceratops given by Marsh. I think that Macellognathns Marsh 
which has nothing whaterer t« do with the Testudlnata, belongs to this 
family (Ceeluridta) and to Coelurus." 

A remarkably Important addition to this subject and a discussion of 
inestimable value. 

Two New ReptOet. H. G. Sekley. (Quart. Jour. Geol. Soc. XL VII, 

pt. 2, ISgi, pp. 104-170.) 

Affrotaurus macfflUtvrayi. — This Is described as a saurlschlan reptile 
from the N. E. coast of Australia. The specimen has been in the Brit- 
ish Museum since 1870, and as It was collected in 1844, has remained 
nndescrlbed forty-six years. The reptile la named from a complete left 
tibia, portions of the risht tibia, fibula and claw phalanges. The ani- 
mal was about the size of a sheep and Is supposed to have come from 
the Lower Oolite or the Trias. The shaft of the tibia Is slender, proxi- 
mal end enlarged and curved backward, a slight development of tbe 
cnemlal crest; distal end uniformly Increases In size and a moderate 
excavation of the distal articulation on the inner side. 

Saurodemnus robeiUoni. — A crocodilian reptile from the Rheetic of 
LInksfield north of Elgin. This Is represented by one bone, apparently 
a humerus, which the author terms a "very unsatisfactory specimen." 
The bone was originally about 10cm. long. Tbe description of this one 
bone Is not conclusive and leaves some doubt as to tbe true position of 
the reptile, as according to Lydekker's description of the same speci- 
men, it has Chelonlan features. 

. Tfte Geology of the Barbados. By A. J. Jxikes-Bkowke, Bstj., F. G. 
S. and Prop, J. B. Harrisons, M. A., F. G. S. (Quart. Jour. Geol. Soc, 
XLVII, pt. a. May 18HI, pp. 197-343). This is an Important contribu- 
tion, especially to the structure of the coral reefs, which naturally forms 
the chief component of the paper; there are two appendices by W. H. 
Hill, Esq., F, G. S. on the Microscopical Structure of samples from 
Barbados and Jamaica. 

A RevlsUm of the Cretaeeoua EeJrmoWeo of N. A. Dm. W. B. Clabk 
contributes to Johns Hopkins University Circular for April a brief pre- 
liminary notice of the Echlnoldea of the Cretaceous, In which twenty- 
one new species are described, principally from Texas and New Jersey. 

ImponiintKew Mineral Locality. —Dr. G. H. Williams announces and 
describes anglesito, cerussite, galenite and native sulphur from the 
Mountain View mine near Union Bridge, Carroll Co., Md. (Johns Hop- 
kins Univ. Cir. April, 1891, p. 73). 
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Thi Jmtrtuit oj MorphoUigy announce! tbe fort bcom ins volume v to 
codUId amoDg other articles, two by Prof. Scott of Princeton "On the 
Osteology of Poebrottaerinm" and "A Contribution- to the Phyllogeny 
vt the Tylopoda." 

An Introdttction to the Stud]/ of JUommalt, Living and ExUttot. By 
William H. Flowkb, C.B., F.R.8., etc., and Bichard Ltdeekeb, 
B. A., F. G. S., London, Adam and Charles Black, 1891, pp. xvi4-763. 

Aia» in PracOoal Oeolwjv- B? QRENvit.LE A. J. Cout, F. G. 8. pp. 
xlT+40S, London: Griffin & Co.; Philadelphia, J, B. Lfppencott Co. 1891. 

SeUiraye tur Qeologie vnd PaldontologU der Sepubtik Mexico. Von 
Dr. J. Fblix nnd Db. H. Lrttk. I Thell, sc. 114. Leipzig: Arthor 
Felix. 

Fowl! JntecU of North America. By Sahtel H, SctmnEK. Vol. I, 
Pretertlary pp. i-|-435, 34 plates and Vol. II Tertiary, pp. 743, SS plates. 
New York: MacmlUlan &. Co. 1891. 

A. Catalogue of BrU,Uh Fowtl Vertebrata. By A. S. Woodward, F. 
O. 8., and C. D. Skerborn, F. O. S. pp. 396. London: Dulau & Co, 
1891. 

TabUa for the detenalnatUm of nwnerals by fAetV phi/sfoa[ properties, a»- 
'certatnable wUk the aid of a few field inatruittentt, bated on the tyitem of 
PBor. Db. Wxisbach. By Pkksifob Fbazeb ; Third edition, entirely 
rewrltt«n. 13 mo. IIS pages. 1891. J. B. LIpplncott Company, Phila- 
delphia. 

Irrespective of the conteota of this ilttle volume, its external appear- 
ance Invites to its careful examination. It is t)ouud in flexible-leather 
cover, presenting the Impression of a handy and durable vademeeum for 
tbe actual student of minerals. More restricted in Its scope than tbe 
" Determinative mineralogy and Blowpipe " of Brush, the ' ' Rock-form- 
ing minerals" of Rntley, and the "Practical Guide to the determination 
of minerals by the blowpipe," of Fuchs, It has a definite purpose which 
U not deviated, from and which brings It Into the curriculum of almost 
dally necessttlea of the young field-geologist. By their metallic lustre, or 
tbelr want of it, all minerals are here classified, there being an Inter- 
mediate class having a "sub-metallic and non-metallic lustre." Those 
wUb metallic lustre are separated by their color at once into red,yellow, 
white, gray and black. The Intermediate class is again divided accord- 
ing to their streak, whether it be black, brown, red, yellow, green or 
bine. Those with non-metallic lustre and a light streak are separated 
into five parts, viz: very sectlle, sectlle, semi-hard, bard and very hard. 
In this last group evidently fall tbe great mass of rock-forming and as- 
sociated minerals, and here the value and aptness of the short descrlp- 
tlonsof the double pages, arranged in columns.at once became apparent. 
With a small kit of simple apparatus, and by the aid of these distinc- 
tions, there may be made at least preliminary determinations of nearly 
all the minerals which the geologist may e. 
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LIST OF RECENT PUBLICATIONS. 

I. state and Oovemmetit Report). 

Tenth Annual Beport of the State Mineralogist of CalKornla lor the 
year ending December, 1890. 

Fourth Annual Report of the C&nsdtao Institute, session of 1890-91. 

On vertebrata tram the Tertiary &nd Cretaceous rocks oC the North- 
wegt Territory, by E. D. Copo. Geol, Surv. Can. 

Reports of the Director and Treasurer of the Michigan Mining School, 
1886-91. 

Letter from the Sec. of Agrlc. transmitting a report on the prelimi- 
nary Investigations to determine the proper location o( ArWslan wells 
vlthln the area of the 9Tth Her. and east of the toot-bllls of the Rocky 
Uts., by J. M. Rusk. 

Progress Report on Irrigation In the United States, Part I, by Richard 
J. Blnten, Washington. 

Progress Report of Artesian and Underflow Investigation between the 
97° W. Long, and the (oot-hllis of the Rocky Mts., Part 11, by Edwin 
S. Neltleton, Washington. 

Biennial Reportot theStateOeologlst. Oeol. Sur. Ma, Arthur Wins- 
Tertiary Insects of North America, by Samuel H. Scudder. Ro;. Svo. 
pp. 734, U. S. Geol. Surv., Washington. 

11. Proeeedingg of Selentljlc Societiei. 

Prceed. Amer. Acad. Arts and Scl. New series Nol. XVII. From 
May ISBS to May 1890. 

Report and Proceed. Belfast Nat. His. and Phil, Soc., for the session 
1889-90, contains notes on the musical sand of Elgg, by J. Brown, Esq ; 
Some notes on the Upper Boulder Clay, near Belfast, by Robt. Youiig, 
Esq., C. E. 

Jour. Etisha MItohell 8ci. Soc. 1890, contains: Mlneraloglcal, Geo- 
logical and Agricultural Surveys of South Carolina, J. A. Holmes. 

Proceed. Kan, Acad, Scl. Vol. XII, 1889-90, contains: Artesian 

Wells tn Kansas and the cause of their flow, Robt. Hay ; Occurrence of 

mammoth remains In Franklin county, Kansas, O. C. Charlton ; Occul*> 

. rence of gold In Montana, J. R. Mndo ; Kansas meteorites, F. H. Snow. 

Proceed. Acad. Nat. Scl. Pbtl. 1881, Jan., -Mar., contains; Rate of 
coral growth, Angelo Beliprln; Basanlto from Crawford Co., Ind., E. 
Goldsmith 1 Palieosyops and allied genera, Cbos. Earle ; The sand- 
stones of Chester Valley, Penn., Theo. D. Rando; On the age of the 
Peace Creek beds, Florida, Wm. H. Dall ; A review of the Cretaceous 
mammalia, Henry F. Osborn ; Geological reseocbes In Yucatan, Angelo 
Hellprln. 

Transactions of the Canadian Institute, Mar. 1891, contents: Pelo- 
tecbthen balanoldes, Arthur Harvey ; Formation of Toronto Island, L. 
J. Clark. 

Bui. Santa Barbara Soc. Nat. His., Vol.1, No. 3, Oct. 1890. 
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Ba). Amer. Oeograph. Soc, Vol. XXIII, No. 1, Hucb 31, 1S91, Mam- 
moth Cave, KeDlackr, Bev. H. C. Hovey. 

TbeTouI Eclipse at tb« Sun. Jan. 1, 1S8B. A report of the observa- 
tions made by the part; at Norman, Cal. Pub. b; Acad- of Scl. St. 

Transactions or the Edinburgh Oeol. Soc. Vol. II, Part II, 1B90. 
III. Papers in SctenUJlc Journal*. 

The Canadian Record of Science, Montreal. Vo). IV, No. 5, 1801, con- 
tains: Clay Concretions of the Connecticut Rtver, Miss J. M. Anns ; 
Note on Specimens of Fossil Wood from the Erian (Devonian) of New 
Toric and Kentucky, Sir J. W. Dawson and Prof. Penhallow ; The Com- 
position of the Ore used, and of the Pig Iron produced at the Radnor 
Forges, J. T. Donald ; On some causes whicb ma? have Influenced the 
spread of Cambrian Fauna, O. F. Matthew ; The Australasian Ass. Adv. 
Sci.; Proceedings of the Society; Proceedings of the Mlcroscopica) 
Society. 

The National Geographic Magazine, Vol. III. Mar. 29, ISBl : South 
America, by Gardiner G. Hubbard, being the annual address by the 
president. 

Am. Jour, of Set, AprU No. Allotropic silver, M. Carey Lea ; Phe- 
nomenon of rifting in granite, B. S. Tarr; Red sandrock of Marion 
coanty, Iowa, C, R. Keyes ; Halotrlchlte or feather alum, from Pllkin 
county, Colorado, £. H. S. Bailey ; Crystallized Azurlte, from Arizona, 
O. C. Farrlogton ; Xenotlme as an accessory element in rocks, O. A. 
Derby; Magnetite ore districts Jacoplranga and Ipanema Sao Paula, 
O. A. Derby ; Pink gossularlte from Mexico, C. F. de Landero ; Restora- 
tion of Triceratops, O. C. Marsh ; Development of the brachlopoda. 

May No. BelatloQ at the Pleistocene to the pre-Plelstocene of the 
Mississippi basin, south of the glaciation limit, T. C. Cbamberlln and R. 
D. Salisbury; Age of the Saganaga syenite, H. V. WIncbeil; Contribu- 
tions to mineralogy, No. 50, F. A. Genth, with crystal lographlc notes 
byS. L. Penfield and L. V. Plrason; Ditto, No. 61, F.A.Qenth ; Colum- 
bite of the Black Hilts, W. P. Blake ; The raised reels of Fernando de 
Noronha, H. N. Ridley ; Cause of active compressive Stress in rocks, 
and recent rock fluiures, T. M. Beade ; Phosphates from the Black 
Hills, W. P. Headden ; Supplementary Notice on the Polycrase of North 
and South Carolina, W. E. Hidden and J. B. Mackintaab. 

Juns No. The study of the earth's Sgure by means of the Pendulum, 
B. D. Preston ; Postrglacial history of the Hudson river valley, F. J. H. 
Merrill; Alunite and diaspore, from the Rosita Hills, Colorado, Whitman 
Cross; Diaspore crystals, W. H. Melville; Allotropic silver, M. Carey 
Lea; Notes ou the submarine channel of the Hudson river, and other 
evidences of Post-glacial subsidence of the middle Atlantic coast region, 
A. Ltndenkohl ; Are there glacial records in the Newark system 7 I. 0. 
Bnssell; Recent eruption of Kllauea, W. T. Brlghami Turquoise la 
southwestern NewNexico, C. H. Snow. 
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IV. ExcerpU and Indtvldual PuAEIcatitma. 

Composilion of the till or boulder-clay, by W. O. Crosby. Fro. Bob. 

Soc. N»l. HIat. Vol. XXV, 1890. 

The Hadlsou boulder, by W. O. Crosby. App&lachU, Vol. VI, No. 1. 

The Kaolin la Blandford, Mus., by W. O. Crosby. Tech. Quart., Vol. 

III, Aug. laftO. 

A new pleslosaur from tbe Niobrara Cretaceous of Kansas, by S. W. 
Willlston. 

A revision of the Cretaceous Echinoldea of North America, by William 
B. Clarke. Johns Hopkins Univ. Clr., No. 86. 

Angteslte, cerussite and suphur from the Mountain View lead mine, 
near Union bridge, Carroll county, Md., by Geo. H. Williams. Johns 
Hopkins Univ. Clr. No. 87. 

Time-reckoning for the twentieth century, by Sanford Fleming, CM. 
ti., L. L. D., C. E., etc. Smithsonian Rep. ISBS. 

Elementary geology, by Chaa. Bird, F. G. S., pp. 848, 12mo. Long- 
mans, Green & Co., London. 

Descriptions of some new species of fossils itom the Devonian rocks of 
Manitoba, by J. F. Whiteaves. Trans. Eoy, Soc. Can. Vol. VIII, Sec, 

IV, 1890. 

Illustrations of the fauna of tbe St. John group. No. V., by O. F. 
Matthew. Trans. Boy. Soc. Can. Sec. IV, 1800. 

The history of volcanic action in the area of the British Isles, being 
the anniversary address to the geological society of London on Feb. SO, 
1891, -by Archibald Gelkle, F.R.8., President; Quar. Jour, Oeol. Soc 
London. Vol. XLVII. 

Foraminlfera and Badlolarla from tbe Cretaceous of Maultolia, by 
Joseph B. Tyrrell, M. A., B. Sc. Trans. Eoy, Soc. Can. Vol. VIII, Sec, 

IV, 1890. 

V. Foreign Pvblicationg. 

Annales de la SocMt^ Ggologlqne du Belgique. 1890. Tomes XVI 
and XVII. 

Records of the Geol. Sur. New South Wales, Vol. 11, Parts I and II, 
1890. Dept, of Mines, Sydney. 

The Mesozolc and Tertiary Insects of New South Wales, by R. Ethe- 
rldge, Jr., and A. Sidney Oils. Memoirs of the Geol. Sur. New South 
Wales, C. S, Wilkinson, P. G. 8., geological surveyor-in-c barge. Dept. 
of Mines, Sydney. 

Verhand. d. naturhlat, Ver, (Bertkan), Bonn, 1890, zwelie HGlfte, 
contains: Ueber den Rhcin In rCmischer und vorgeschichtllcher Zell, 
Schaaflbausen ; Ueber die Braun Rohlenablagerungen im nlederrhein- 
ischcn Tertlarbecken, Hensler; Ueber die Goldfelder SDdafrikas, A. 
Schouk 1 Ueber alte EisthHtlgkcit und Geblrgsblldung in Skandlnavl.en, 
Polillgi Ueber A Schetik, Glaclalerschelnnngen in SDdafrlka ; und 
Ueber die carbone Elszell. Rauft; Ueber die Quecksllberiagstatte von 
Almaden, grOsstcr Sllberkrystall, Rohllg, 

Verhand, d. nat. torsch, Gesellschafl In Basel ; Band IX, Heft I, 
1890, contaiQS : Beltrag iiir Keuntnlas der Tertlarblldungen der Umge- 
bnng von Basel, A. Gutzwiller. 
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Verhand.d. Qesell. fQrErd. zu Berlin, Band XVIII, Nos. 2 and 3, 
leei, Qeors Kollm. 

Drelsaig. Bericht d. oat. wlgasD. Ver. IQr Schwaben und Neuburg. 
(rdber nat, hist. Ver. In Augsburg, 1890. 

Verhand. zool.— bot. Geaell.la Wlen, Dr. Carl Fritscb, ISM, XL Baud, 
III and IV Qnarl. 

SltzuDgs. d. b. bOhm. Oeaell. der Wiss. Math.— uatur. Claase. II Halb- 
Jahr, 1890. Prag. contains : L'eber thlerlache Abdrflcke In der Etage 
C. c. der Silurformation, J, Kuata ; Ueber die Vegetation von Baja- 
Californlen, Dr. J. Palacky ; Ueber die Rrystall form des Tellurdloiyd 
und dea baalschen Tellursulpbates, Dr. K. Vrba ; Ueber Reste meiiscb- 
llcber Tbatlgkelt im Diluvium. 

Jabresber. d. Ver. fOr Erd. zu Metz fdr 1889-90, cODtalns : Elne 
Bestelgung des Etna, Dr. Welgand. 

Annalen d. K. E. Naturblst. Uormuseums, Dr. F. B. Von Haner, 
Bands V, No. 4. and VI, No. 1. 1S90 and 1S9I. 

Jahreaber. A. K. bOhn. Gesell. d. Wlaa. rnr 1S90, Prag. 

Qeol. Hlttbell. zu Budapest, Dr. Morlz Staub, Nov. and- Dec. 1890, 
contains : Ueber das geologlscbe ProBl des Schemnltzor Kaiser Fran- 
clscl Erbstollens, by Ludwig Caeb ; Zur Geologie des DJebel-Bu-Kornlen 
Tunis, by Jobann Janko ; Daten zur Oeologte des Bakony, by Franz 
Scbfarzlk ; Beltrage zur fossilen Flora der Umgebuog von Muukacs, by 
Morlz Staub; Beitrage zur geologiscben Bescbaffenhelt der Umgebung 
von Munkacs, by Julius Szadeczky. 

Geol. Mlttbell, zu Budapest, Dr. M. Staub und Dr. J. Szadeczky, Jan. 
and Har. 1801. 

Bui. de la Soc. Imp. dea Naturalists de Moscou, Prof. Dr. M. Menz- 
bier, 1890, No. 2, contains ; Le Neocoralendes Montagues de Woroble wo, 
A. Pavlow ; Ueber den Meteorlten von Turgalsk, E. Klslakowsky. 

Annual of the Norwegian Q«o]. Sur. Kristiana, 1890, contains ; 
Orsplollte-bearlDg schists In Vestre Gausdal, by K. O. BJorlykby 
Felspar, quartz and mica, their occurrence and indostral value, by J. P. 
Friis ; The granite quarries at the Idefjord, by Hans Beusch ; Glacial 
strlES and boutder-clay in Norwegian Lapponle from a period much 
older than the last Ice-^e, by Hans Beusch. 

Geol. Notes from the Diocese of Troadbjem, by Hans Beusch, Geol. 
Sot, Norway, ISBO, Krlatlana. 
Salten og Ranen, by J. H. L. Vogt, Geol. Surv. Norway, 18S1, Eriatlana. 

Euvablssement graduel de la mer eoceniqueaux Dlablerets, Orlgine et 
age du Oypse et de la t»)mleule dea Alpes vaudolses, Trangress1vlt6 
Inverse, by E. Benevier, Bull. Soc. Vaud. Sc. Nat. vol. XXVII, p. 41. 



CORRESPONDENCE. 



Dbab Sik: I notice In connection with the announcement of the dis- 
covery o( fish remains In the Lower Silurian rocks of Colorado, by Mr. 
CD. Walcott, a statement that the Silurian 9sb of New Brunswick IHji- 



I .y Google 



62 2%e American Geologist. JuImsm 

Itwpis ocodlcQ ts referred to the Lower Helderberg group. Such Is not 
mf uDderstanding of the af[e at the bed in which It was louod. It Is 
stated In Trans. "Roy. Soc. Can. Vol. VI, Sec. IV. p. 5S, that this Hsh was 
round In dark carbonaceous shales which are beoeath a group of beds coo- 
UUnlsg a Niagara fauna, and that the shales are presumably of the age 
of the Clinton group. In the preliminary notice of this species It was 
said on the authority of Billings, that the fauna referred to above wag 
a Lower Helderberg fauna, but Mr. Ami after eiamlning more exten- 
sive collections than those »ent to Mr. Billings said It was of Niagara 
age. 

My excuse for troubling you with this letter Is a desire to have the 
specIsB credited to Its true horizon- Q. F. Matthsw. 

St. John, N. B., Mny 13, '91. 



PERSONAL AND SCIENTIFIC NEWS. 



The Scientific ueetinqs at Washington. The Am. Asso. 
Adv. Sci. will meet Aug. 19. The Geol. Soa Am, will meet Aug, 
24,andthelnt Cong. Geol. will meet Aug. 26,aQd continnetoSepl 
2. These meetings will all be held in the rooms of the Colum- 
bian University, Cor. of 15th and H. streets. A large lecture 
room, smaller rooms for meetings of the councils, exhibition of 
maps, rocks, minerals, etc., have been courteously set apart bj' 
the Faculty of the University for this purpose. 

The Organizing Committee, InL Cong. Geol. proposes, besides 
the regular subjecta of discussion, such as unfinished business of 
the former congress, reports of committees, etc., that the follow- 
ing subjects be made special topics for the consideration of the 
congress at this meeting : 

I. Time correlation of the clastic roclis. 
1, Correlation by structural data. 

a. By strati graph leal data. 

b. By llthologlcal data. 

c. By pbyslographical data. 

S. Correlation by paleontologlcal data. 

1 a. By fossil plants. fa. By marine fossils. 

( b. By fossil animals. ( b. By terrestrial fossils. 

U. General geological color schemes and other graphic conventlDns. 

III. Genetic classification of the Pleistocene rocks. 

Award op Geological Medals. The Geological Society of 
London has awarded the various medals at its command to the fol- 
lowing persons : The Wollaston Medal to Prof. J. W. Judd, F. 
B. S., for his work in Petrc^raphy and the balance of the fund to 
Richard Lydekker, Esq., B. A., F. (i, S. , for his numerous and 
valuable contribution to Vertebrate Palseontology. The Murchi- 
son Medal to Prof. W. C. Bmgger of Chriatiania, and the balance 
of the fund to the Rev. Bichard Baron, F. L. S., F. G. S., of 
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Antananarivo. The Lyell Medal to Prof. T. McKenny Hughes, 
F. R. S., for his valuable serviceB, especially among the older 
rocka,- and the Lyell Fund to Dr. C. J. Foreyth-Major of Flor- 
«iice, for his researchM in the Pliocene mammalia of Val d'Amo. 
The Bigaby Medal to Dr. Geo, M. Dawson, F. G. S., of Ottawa, 
for his researches into the geological structure of Canada. 

PROFESsoa Cbaqin KAa BESioNED the professorship of general 
natural history in Washburn College, and has accepted a call to 
the chair of geologj- in Colorado College. 

The WHEBLi.ia W. Va., deep well. This welt was bored for 
gaa to a depth of 4,100 feet, by Ohio county. At this depth all 
hope of finding gas was given up, and the abandonment of the 
well was ordered. At the solicitation of Prof. White, of 
Morgantown, tlie order was recalled and the well dedicated to 
science. The company started to drill again, and went to the end 
of their cable, at 4,500 feet, where the work was stopped tempo- 
rarily, and officers of the U. S. Geol. survey availed themselves 
of the opportunity to make temperature observations. Dr. M'm. 
Hallock, the physicist of the survey, has been in charge, and has 
already secured preliminary results of exceeding interest More 
refined observations will be made on the well before startjng to 
drill again. The citizens of Wheeling have guaranteed the money 
to pay for future drilling, >Ir. Anton Reyman, a public spirited 
citizen, having become surety tor the entire amount required to 
make the well the deepesthole in the world (about 5,800 feet) 
The U. S. Geol. Sur\'ey is expected to secure the new boiler and 
engine required as well as the steel cable, since it is considered 
UDsafe to use manilla beyond the present depth. These will prob- 
ably be secured through the generosity of some friend of science. 
The Survey has already contributed t500 toward the deepening, of 
the well from 4,100 to 4,500 feet. The well offers the best chance 
to secure an average rate for increase in temperature uninfluenced 
by local factors that has ever been presented, since it is perfectly 
free from water, and the region is undisturbed, the rocks dipping 
only 20 to 30 feet per mile. The Wheeling Development Co. is 
the name of the organization that drilled the well, Hon. N. R. 
Scott being president, and J. 0. Brady sec'y. The leading manu- 
facturers of Wheeling are the principal stockholders. The well 
begins at the top of the Upper Coal measures and is now down 
nearly to the Gomiferous limestone. 

Peof. J. C. Brasner, state oeoloqist of Arkansas, has ac- 
cepted the position tendered him by the Stanford University at 
Palo Alto, Cal , but has leave of absence for a year in order to 
finish the work of the geological survey of Arkansas. 

Mr. Uly S. Grant, fellow of Johns Hopkins University, has 
been appointed an assistant on the Minnesota geol<^val survey. 

Dr. a. C. Lawbon, of the University of California, has been 
engaged for the season of 1891 on the Minnesota geological sur- 
vey. 
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ScjiMARY OFFICIAL DECAPITATION, The regents of the Univer- 
sity of Nebraska at a late meeting, with other resolutions adopted 
the following : That the connection of Prof. L. E. Hicks with the 
University be severed after August 1, 1891. — State Journal, 
Lincoln, Neb. 

Mr. Ralph S. Tarr, Cambridge, has been appointed professor 
of geology and miueralogj' in the University of South Dakota, at 
Vermilion, 

Mr. Herbert A. Wilcox, Tower, Minn., has been employed 
on the Missouri geological survey, in the examination of the iron 
deposits or that atate. 

Mr. Herbert B. Wood, late op Toronto, will b^n service 
August let on the Minnesota geological survey. 

Dr. J. Francis Williams, who has been connected with the 
Geological Survey of Arkansas for the past two years, has been 
appointed Assistant Professor of Geolf^y at Cornell University. 
His report oD the igneous rocks of Arkansas is now in press. 

Prop. E. H. Barbour, Grinnell, Iowa, has completed ar- 
augements for a paleontologicat trip in the bod lands the present 
ummer. 

Dr. Qeoroe Baur, of Clark University, in company with 
Prof. C. F. Adams, of Champaign, III., will this summer, visit 
the Galapagos islands for the purpose of studying the fauna and 
particularly the mammoth tortoises, with which the islands abound. 
Da. Georqe H. Williams op Johns Hopkins Ukivkrsitv 
is conducting a party of graduate students in geology through 
western Maryland. 

Mr. John Eyerman has severed his connection with the 
scientific department of Lafayette College. 

Princeton Scientific Expedition. The ninth Geological Ex- 
pedition to the west will, as usual, be under the leadership of 
Prof. W. B. Scott and will be composed of Prof. W. F. Magio 
and Messrs. E. A. S. Lewis, A. B. Gladwin, A. W. Bentley, I, 
Benet, J. S. Hosford, C. C. Jefferson, R. A. Stevenson,- R. Coul- 
ter, jr. >Ir. John Eyerman, of Baston, will join the party during 
the latter part of the trip. 
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THE RECORDED METEORITES OF IOWA. WITH 

SPECIAL MENTION OF THE LAST. OR 

WINNEBAGO CO.. METEORITE. 

JosirH ToRRVT. CAnbridKe. Warn., uid E. H. Bajkbodr. Qrlniiell. lown. 
It is noteworthy and indeed a remarkable fact that within forty 
odd years four meteorites of more than ordinyy interest, — viz., 
the Linn Co., Iowa Co., Emmet Co., and Winnebago Co., met 
eorites, — have been observed to fall in this state. The first, 
second and fourth of these belong to the ' ' stone " class of aerolites, 
and the third to the " iron " group. 

I. The Linn Co. Meteorite. ' 
The Linn Co. Meteorite fell in Hartford, Linn Co., at 2:45 a. 
m., Feb. 25, 1847. The following fragments are noted, weighing, 
in ponnds ; 0.448, 0.369, 0.007, besides other small fragments. 
They all have the characteristic dull black pitted surface. The 
color of the interior is a light gray filled with grains of meteoric 
iron and intersected by cracka filled with crust. The small amount 
of olivine is quite remarkable. 
Analysis of the stony part gave 

Silica 60.16 per cent. 

FerroQS oxide 23.50 " " 

MsRuesta 11.30 " " 

Magnetic pyrite 4.66 " " 

Soda and potasi) 30 " " 

99.92 " '• 

Analysis of the metal gave 

Nickel 86 per cent 

Iron 14 '• " 

■From Hnnttngton'a catalogue ot all Becorded Meteorites, Proc. Am. 
Acad, of Arts and Scl,, 1S8T, pp. 37, 110. 
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IL The Iowa Co. MeUorite,* 

The Iowa Co.' meteorite fell near Homestead and West Liberty, 

in Iowa Co., at 10:15 p. m., Feb. 12, 1875. Eighteen fragments 

are recorded, weighing as follows, in pounds: 11.96, 6.18, 3.85, 

3.73, 3.70, 2.96, 1.94, 1.51, 0.63, 0.6, 0.44, 0.31. 

The above, with the exception of two or three, are in the col- 
lection of Lawrence Smith. They liave the uBual dead black crust, 
Spet^C gravity, about 3.6. Chemically this meteorite is of con- 
siderable interest as it is one of the very few in which the occluded 
gases have been examined and estimated. 'By heating some of the 
metal freed from matrix, gaees were evolved the constitution of 
which varied according to the temperature. 

At 100° C, the gaseous mixture evolved consisted of 

Carbon dloilde 9S.46 per cent. 

Carbon monoxide 00.00 " " 

Hydrogen 4.64 " " 

Nitrogen 0.00 " " 

100.00 " ' 
When exposed to full red heat there was found 

Carbon dioxide 5.56 per cent. 

Carbon moDoilde 0.00 " " 

Hydrogen 87.9S " " 

Nitrogen 6.B1 " " 

100.00 " *' 
IIL The S»mei Co. Meteorite.' 

The Emmet Co. meteorite (called -'The Perry Meteor") fell 
near Estherville, Emmet Co., at 5 p. m., May 10, 1879. Sixteen 
large masses are on record, weighing respectively, in pounds : 500 
(sent to the British Museum, and subsequently divided t>etween 
Loudon, Berlin and Vienna,) 175 ( University of Minnesota), 2.21, 
1.81, 1.31, 1.21, 1.07, 0.95, 0.36, 0.32, 0.23, 0.18, 0.14, 0.14, 
besides many small pieces. . 

The aerolites belonging to this fall are of the iron type, and 
consist generally of a network of iron enclosing olivine. The pro- 
portion of the two varies greatly in the different individual masses, 
«ome being nearly all iron while others contain but little. Crust 
bluish. The specific gravity of the stony portion was found to be 
3.35, of the metal 5.97. 

In chemical composition, the Emmet Co. meteorite, so far as 
«xamined, has no strongly distinguishing fciitures. 

'Am. Jour, Scl., 3d Series, Vol. VI, p. 4CJ. 
'Hiirtliij{W>r»Cat.alogii,'. 
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IV. The Winnebago Co. Meteorite.* 
The Wionebi^o Co. meteorite fell near the new town of Thomp- 
son eleien miles northwest of Forest City, Winnebago Co., at 5:15 
p. m.. >Iay 2. 1890. Seven large fragments are noted, weighing 
reapectively in pounds: 86, 66, 10, 10, 60 oz., 60 oz., and, ac- 
cording to professor N. H. Winchell, about 5,000 small fragments, 
weighing from the fraction ot an ounce to a pound or more. 

Between two and 
three hundred small 
fragments are in the 
collection of Yale Uni- 
versity alone. About 
100 pieces and the 66 
pound piece are in the 
University of Minneso- 
ta. Others are owned 
by Ward and Howell, 
Rochester, N. Y., and 
by Geo. F. Kunz, New 
I'ork. The dead black 
BCoriaceouB cmst when 

A miorc«opic «cHon fron. the 8i«y*tz pound ^'^^^'^ «^**>« * "S"^' 
WlnuehaBo stone. BhDwInK dark spider-like part- grey stone interspersed 
icle.o[iroLdiMTibntedti.rou8l.them.irii. ^^ innumerable dark 

particles of uron, and globules of troilite, quit« like the Iowa Co. 
stones in appearance. Thin seams and cracks occur occasionally 
filled with a substance that has somewhat the appearance of 
graphit«, and small spheroidal masses of olivine are abundant. 
Specific gravity, 3.638. 

Chemical composition of the matrix from a fr^ment ot the 66 
pound aerolite : 

Silica 47,03 per cent. 

Iron oxide 39.43 

Oxide of aInmlDlum S.!i4 

Lime 17.58 

Magnesia 3.90 

99.94 

This is but the approximate composition, and it is our opinion 
that nothing else should he offered, and that no analysis yet pub- 
lished is strictly reliable owing to the non- homogeneous character 
Notes and analyses ot tbe 104 pound 



I .y Google 



, Google 



Meteorites of Iowa — Torrey- Barbour. 69 

of the matrix. Another difSculty not sufficiently recognized and 
taken into account is the extreme difficulty experienced in separat- 
ing the iron from the matrix by the magnet, a thing practjcatly 
impossible, owing to the infinitesimal division of tlie iron, which 
is still visible under the microscope even in the impalpable powder. 
A partial analysis was also made of the metal, separated as 
completely as was practicable from the matrix, giving the follow- 
ing results : 

Iron 90. 70 perceot. 

Nickel 3.8fl " " 

Silicon 0. 03 " " 

Carbon and manicanese undetermined. 

Solpbar 

Phosphoms 

99.93 " •' 

AnalrBes of this hind appear to be of sufficient interest to pub- 
lish, but it is moat earnestly to be hoped that they may speedily 
be supplanted by much more thorough and searching ones. Until 
they are, the sum totiiJ of our knowledge of these very interesting 
bodies will remain as it is now, exceedingly small. 

The BO-calted 104 pound fragment or "Kossuth Co. aerolite," 
deaenes mention here from the fact that it figured in all the earlier 
notices, at least, as the largest fragment of the Winnebago Co. 
meteorit«, being sold as such to parties in Forest City, whereas it 
is simply a fraud. Pieces of the boulder, commonly called "nig- 
ger-head," were sent usat once for examination. Analysis showed 
it to be a diorite or allied rock, without crust ; no metal present 
Gravity ( 2. 83 ) about a unit lower than that of the meteorite. 

In its passage the meteor was seen throughout all Iowa, and ob- 
servers report it from Kansas, Dakota and Mionesota. 

However exaggerated the press reports may have been in cer- 
tain instances, the fact of its splendor stands nevertiieless ; so too 
the fact of the terror which the sudden light, the hissing passage, 
and terrific explosion inspired in the people of northern Iowa, es- 
pecially Winnetiago Co. and immediate vicinity. Beports from all 
the towns and cities for many miles around Winnebago Co. liken 
' the noise of the explosion to heavy cannonading, accompanied by 
' a ' ■ rushing sound " or unearthly hissing and a noticeable tremor 
which caused the citizens to fiy from their houses to inquire into 
the cause. This vivid display occurred in the face of a bright 
spring sun, and an almost cloudless sky. The dazzling head — 
likened to the moon in size — "sputtering" and throwing off a long 
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train of aparka : the heavy line of black smoke left in its wake to 
mark its course for a full ten or fifteen minutes : all were seen and 
marvelled at by the people of several states. Its course to the eye 
was from sonthweat to northeast, and its inclination to the earth 
most commonly Judged to be abont 55'. One well authenticated 
but Buprising report comes from Tabor, in the e:£treme sonth- 
westem comer of the state, to the effect that the ' ' noise there was 
like thunder, and was compared by some to an earthquake shock, 
the Jarring -of the ground being so evident, and that four distinct 
explosions were abser\'ed by one. " 

This is a point of considerable interest to ub, for at Orionell 
but faint noise, if any at all, accompanied the transit. Although 
the clamor over a hotly contested game of ball on the atMetic field 
of the campus hindered the students and faculty, who saw it, from 
making careful observations on this point, yet to satisfy ourselves 
we visited all the farmers for some twenty miles northwest of 
Orinneil to find bnt one who thought possibly he heard a noise in 
connection with the passage through the air. It was surely ac- 
companied by little or only imaginary noise at this point 

The train of smoke left by the meteorite seems worthy of notice. 
The velocity of the meteorite was such that its transit through the 
earth's atmosphere was momentary, and at the time the head 
passed below the horizon, the entire course of the meteor was 
marked by a broad ribbon of smoke, having straight, sharply de- 
fined edges. It was interesting to notice how this ribbon of smoke 
tapered off toward the higher atmosphere, as if vanishing in per- 
spective, showing the great rarity at that elevation. The smoke 
began to curl away gradually, but lingered for a full fifteen or 
twenty minutes before disappearing entirely. The fall was largely 
on unimproved land near Thompson, covering with fragments an 
elLiptJcal area some two or three miles long by one and a half wide. 
(It seems as if the major axis might be taken roughly as the 
direction of the meteor, that is N.£. as it appeared to the 
eye. Or, as professor Winchell suggests, the line of direction is 
more nearlj' that of the line of impact of the large fragments, that 
Is N.W. ) The 66 pound fragment buried itself, close to a farmer 
in the field, more than three feet in the hard prairie soil. It was 
not dug out till the next day. Professor Winchell, who visited 
the spot at once, kindly informs us that the 6t) pound stone was 
not hot when dug out, notwithstanding all reports to the contrary, 
and that the clay around it was neither baked nor in any way 
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changed ; and that the 36 pound stone fell on old turf, where the 
last year's grass remained dr)-, and after the atoQe was taken out, 
portions of the grass carried down bj it, adhered to the surface 
unbumed. Besides one piece fell on a straw stack, and did not 
fire the straw. 

On the accompanying map of Winnebago Co. the positions of 
the large fragments are indicated by their respective weights. The 
counties in which meteorites have fallen are indicated in the small 
county map of the state of Iowa. 

For assistance in preparing the map and for other information, 
specimens, etc. , we are indebted to the Messrs. Secor and Law, 
and the Messrs. Thompson of Forest City. 



ON THE CONTRAST IN COLOR OF THE SOILS 
OF HIGH AND LOW LATITUDES. 

The general contrast in color of aortliem and southern soils has 
attracted my attention for many }'ear8 ; and six years i^ I sug- 
gested an explanation of this difference, which is evidently due to 
the condition of the ferric oxide, in a communication to the Boston 
Society of Natural History,' from which several paragraphs may 
be advantageously quoted as an introduction to the present paper. 

The provalllug dlfforence \a color between the soils of the North and 
South Is an unquestionable fact, and must be famllltr to many travelers ; 
kud ret, but few geoloRlcal writers have even menlloDed it. aud, ao f»r 
as I can learn, no ex[jlan«tion of It has heretofore been proposed. Id 
all laiituded, the most superficial detritus, the true agricultural soil, Is, 
In a larice measure, distinctly carbouoceous, or the organic matter has 
at least been sufficient to more or less (.'ompletely discharge the brown, 
jrellow, and red colors due to theterric oxides. But In the surface soil 
to a considerable extent, and In the subsoil gcnerallr, the ferric oiidea 
are still the predominaut coloring agents. Now throughout the north- 
ern states and Canada the soils, where their colors can t>e ascribed to 
ferric oxide, are generally, almost uulversallf, brownish or yellowish, 
but not distinctly red. The only Important e.tceptlons are where the 
red soil results trom the disintegration of a red rock, or Is itself geologi- 
cally old. Thus, the red color of the soil on the Triassic areas, and ol 
the clays at Braudoa, Vermont, and Gay Head, does not belong to Uke 
present or any recent period, but is due to the peroxidation of iron In 
Triassic and Tertiary times. On the other hand, one of the most strik- 
ing features ot the scenery of the southern states, especially for north- 
n Society of Natural History, Vol. XXIII., 
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«rD «res, la the bright red color of the soil, &d(1 thegeoer&l predominance 
of this color over the brownish and yellowlBh tints. This begins to be 
noticeable In the latitude of souihero Pennsylvania, and becomes more 
and more marked as we cross Virginia Into the Carollnas ; while In the 
West Indies and South America the redness of the soli U even more 
Intense and universal than In the southern states. So far as I have 
been able to learn by reading and Inquiry, this difference In color be- 
tween the soils of high and low latitudes Is more or less distinctly 
observable In all longitudes, and In the southern as well as In the 
northern hemisphere. 

The brown, yellow and bofif colors, so characteristic of northern soils, 
arc undoubtedly dac chiefly to the yellow ferric hydrates, tike gflthite. 
Ilraonite, and isnthoslderitej while the red color of southern soils, 
although commonly attributed to hematite, Is probably In many. If not 
moat c&ses due to tho red ferric hydral« turRlte. The main question, 
then, Why are northern soils yellow and southern soils red? Is really 
equivalent to. Why Is the ferric oxide In northern soils highly hydr 
ated < gCChite, llmonlte, etc. ), while that In the southern soils Is only 
slightly hydrated, ( turglte ), or anhydrous ( hematite ) ? 

It Is manifestly Impossible to answer this question by correlating the 
difference In color with a difference In the rocks of the two regions; for, 
while the red clays of the South are found on nearly ail geological for- 
mations, they appear to have their best development on the primary or 
crystalline rocks, and these are Indistinguishable from the similar rocks 
of the North. Buta satisfactory solution la, I think, found by correlat- 
ing the color-difference with thu one physical feature upon which all the 
other contrasts between the North and South depend — the climate. In 
other words, the difference in color depends upon the difference Id tem- 
perature. It Is well known to chemists that ferric hydrate, the coloring 
agent of northern soils, is dehydrated at the temperature of boiling 
water ; and it seems probable that a partial. If not complete dehydration 
may result at much lower irmperatures, If unlimited or geologically long 
time Is allowed. And, In this connection. It Is Important to observe that 
the surface soils of the South attain at times a high temperature, and 
that In both regions, but especially In tho South, the detritus Is, quite 
certainly, chleBy of prcglaclal origin. The detritus of the South, It Is 
well known, Is, except on the flood-plains of the streams, chiefly seden- 
tary, often retaining almost perfectly the structure lines of the rock 
from which It Is derived ; while the debris covering the rocks in the 
North Is almost wholly transported, consisting of the modiSed and 
unmodified glacial drift. Hence It la evident that the characteristic 
colors of the North and South are approximately coterminous with the 
sedentary detritus and drift. But it seems Impossible to ascribe the 
color-difference to glaciation ; for wherever In the North we Und seden- 
tary soils, either post or ante-glacial, as In the case of trap dikes which 
have been decomposed to a considerable depth below the surface of the 
Inclosing rocks, the colors are brown and yellew, never red. 

Although It seems not to have attracted tteneral attention, my obser- 
vations show that frequeuily. If not always, the red color of the Sonth- 
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ern soils Is & merely soperBcisI pheDomenon, being most strongly murk<Ml 
at the surface, and gradually changing to yellow at a moderate depth. 
This fact. If fully established, will strongly corroborate the view her* 
proposed, that the solar heat [s the principal cause (if the dehydration 
of the ferric oxide. 

Nearly all soils orlglnat« directly or Indirectly, in the decay of the 
silicate mlneralaof the crystalline rocks, In which the Iron Is very larttely 
In the ferrous state. And it is well known that the metoorlc waters 
percolating through the rocks not only Introduce the carbon dioxide, 
which Is the chief agent iu the kaollulzatlon of the anhydrous silicates, 
but »lsa the free oxygen required for the peroxidation of the Iron. The 
sedentary soils of the South show very plainly also that the second pro~ 
cess does not keep pace with the first; for, while the superQcial soil 
exhibits the brilliant colors of the ferric oxides, In the lower portion, 
which shades oft Insensibly Into the underlying rocks, grayish and bluish 
tints prevail, Indicating that the Iron Is still chleQy In the ferrous state. 
Hence the normal vertical order of colors In sedentary detritus seems to 
be as follows, beginning at the base ; 1, Bluish, grayish and neutral tints, 
due to ferrous oxide ; 3, the yellow and brown tints of the ferric hyd- 
rates ; aud, 3. In warm countries, the red resulting from the dehydration 
of the ferric hvdrales. 

The foregoing embodies the chief points of my previous paper, 
which was based very largely upon peisoaal observations made 
some twenty years ago while I was engaged in mining operations 
in North Carolina and ViiginJa, and enjoyed unuauaily favorable 
opportunities for observing fresh and normal sections of the sed- 
entary soil. Later, also, I traveled extensively in these and other 
southern states ; in the West Indies, from Cuba to Trinidad and 
tlie northern coast of South America ; and in Europe, from Sicily 
to Scandinavia — giving particular attention everywhere to the 
colors of the soils. That paper was published in the hope that it 
would call out the observations and views of other geologists ; but 
it appears to have borne no fruit of that kind until the appearance, 
a little more than a year t^o, of the comprehensive and valuable 
mont^rapb by I. C. Russell on the " subaerial decay of rocks and 
origin of the red color of certain formations,'" to which the 
author has appended an important bibliographic list In the first 
part of this essay relating to the subaerial decay of rocks, 
Attention Is directed to the widespread decay of the surface rocks 
throughout the Appalachian region, south of the southern limit of the 
glaciated area of northeastern America. It is shown, also, that ro<:k- 
decay Is far more advanced in the southern than In the central and 
northern Atlantic states, and Increases gradually southward. This varl- 
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atlon Is thought to be due to climatic ckuses, combined with receat 
orographic movemeDts which have accelerated dennclaUOD In the 
Qorthern portion of the region under discussion. From the brief review 
of the geographical distribution of residual deposits In various regions, 
together with other considerations, the conclusion Is drawn that rocks 
deca; most rapidly In warm, humid climates. 

After describing the characteristics of the residual or sedentary 
claya of the South, including the color, Mr. Russell refers to my 
contribution as follows: 

The contrast In color between northern and southern landscapes In 
the Appalachian belt has recentljr been explained by W. O. Crosby . . . 
on the asenmptton that the observed difference of color has resulted 
directly from differences of temperature between the North and South. 
In the essay referred to It Is urged that the higher temperature at the 
South is capable of dehydrating the ferric oildes Impregnating the soils, 
thus changing their color from yellow to red ; and also that the red 
color of residual clays Is a superficial phenomenon, confined to the 
Immediate surface of the deposits. My own observations do not confirm 
these conclnslons. At many localities in the Appalachian region south 
of Pennsylvania where residual deposits were observed, the character- 
istic red color was seen to extend tor below the surface, and as a rule to 
reach the bottom ot fresh exposures. Jn many localities the color of the 
residual clays at a depth of twenty or even fifty feet Is similar, SO tar OS 
the eye can distinguish, to the color in the same sections only a toot or 
two below the surface. The great depth to which the red color extends 
renders It evident that It cannot be directly dependent on solar heat. 
Again, over considerable areas In the South the surface clays are vari- 
ous shades of yellow, which would not be expected It the red color of 
adjacent fields Is due to temperature. 

During the last six years I have gradually come to attach less 
weight than at first to tlie difference in temperature as a eole and 
sufficient cause of the difference in color between nortJiem and 
sodthem soils ; but I still hold that it is an important factor in the 
entirely adequate explanation ; and so, apparently, does Mr. 
Rnssell. In fact, he proves that the cause must be largely cli- 
matic by showing : ( 1 ) that the typical residual clays of the South 
are usually red, and common to a great variety of geological for- 
mations ; and (2 ) that, as already quoted, they are conditioned in 
a very large degree by the combined action of heat and moisture, 
being bnt scantily developed in the arid regions of the South, and 
never with a red color under the humid climate of the North. 
Since the rocks from which the red claya are derived are almost 
never red, the redness is evidently incidental to the kaolinization, 
and its cause may therefore be looked for with much probability, 
at leaat, among the conditions favoring kaolinization, ot which 
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heat is clearly one of the most important. Again, in apite of the 
recent gtaciation, evidences of kaolinization are not wanting in the 
North ; but the resulting clay, the true sedentarj' soil of the 
North, is never red, indicating very plainly that, while a warm 
climate is not strictly essential to the formation of residual clftya, 
it is a necessary condition of the development of the red color. 
Prof. J. D. Dana emphosizee this point in a review' of Mr. Au»- 
sell's work, from which a few aentences may be quoted : 

The coDtraat In colors botw(<eu the northern and southern stales Is 
spoken of (bf Russell) as " contrast between a glaciated country and a 
region in which atmospheric decay has progressed uninterrupted] r tor 
ages." Mr. Bussell, knowing less of New Bngl and than of other parts 
ot the country, does not appreciate as strongly as professor Crosby, 
whom be criticises, the full character of this difference. There Is wide 
decomposition at the North, and Its rapid progress In (he case of syen- 
ites, mica schists, gneisses, granites, and hornblende scblata during the 
past forty years. Is very strikingly exhibited alongside of many railroad 
cuts. The fact to be accounted for Is that these decompositions over 
Mew England, whether In the trap of trap dikes or in metamorphlc 
rocks, produces almost never red earth ; while at the South, red earth 
predominates. The glacial movements and orographic changes have 
nothing to do with tbls. The fact Is simply that In New England the 
result of the Iron oxidation attending the decay Is llmonlte, the hydrous, 
yellow-brownirouoxlde, and not anhydrous Fe*0*, The writer has often 
tried to discover a reason for the dlffereut result at the South ; he does 
not Bnd one in Mr. Bussell's excellent paper. 

In what manner, if any, the milder climate of the South pro- 
motes the development of the red color, except directly by favoring 
the dehydration of the iron oxide, I have not attempted to explain ; 
but when we consider that, aside from the glaciation of the North, 
there is virtually or primarily but tliis one physical contrast be- 
tween the North and South, it seems impossible to doubt ttie 
existence, directly or indirectly, of a casual connection between 
the temperature and the <xAcff of the soil. The fact that Mr. Rus- 
sell questions this conclusion caused me, however, less surprise 
than his attempt to fortify that negative position by denying that 
the red color of southern clays is essentially a superficial feat- 
ure. I was amazed at his statements in this regard, and asked 
myself again and again if my recollection of what I had seen in 
the gold mines of North Carolina and elsewhere could possibly be 
80 far astray, Being unwilling to controvert the views of so com- 
petent an observer without a fresh examination of the f act«, I have 
waited for aji opportunity to go over the ground again. Fortunately, 

> American Journal of Science, Volnme XXXIX., 1890, pp. 317-319. 
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I have been able during the past year to make two jonraeys in the 
South — one to Asheville, by the usual route through the Piedmont 
disbrict of Vii^nia and North Carolina, and the other down the 
great Appalachian valley to the vicinity of the Natural Bridge — 
giving, in both cases, especial attention to the di^bution of the 
ooloTB in the superficial detritus. 

Briefly stated, the general result of these recent observations is 
a complete confirmation of my origioal views ; but I am able 
now to make more definite statement than formerly. In the great 
majority of tbe sections observed in the Piedmont region of both 
North Carolina and Virginia, including all which could be de- 
scribed as normal examples, i. t. , as unmodified by disturbance or 
erosion, the distinctly red soil is very superficial, varying in thick- 
ness, as a mle, only from two to five feet, and very rarely exceed- 
ing ten feet It is usually (oddest, at, or near, the surface, 
changing downward gradually, more rarely abruptly, through 
various shades at orange to yellow ; while occaaiooal complete 
sections show the yellow changing through paler tints to gruy or 
the color of the nnderlying hard rocks. This is certainly the nor- 
mal succession of colors in a complete vertical section, as described 
in my earlier paper. The slight depth — two to five or ten feet — 
reached by the red color was noted again and again in scores of 
sections. It wss usually easy to see, however, how hasty or un- 
garded observations might lead to a difi!erent conclusion ; for the 
wash of the rains has, in most cases, carried the superfioial red 
clay down over the entire face of the section. In this way the 
orange and yellow are often almost completely blotted out, except 
where an occasional gully, one to several feet in depth, notches the 
face of the cuttjngand exposes a clean, fresh, undisturbed, vertical 
section at the days. When passing throngh the railway cuttings my 
eyes were always focussed upon these gullies or minature ravines ; 
and when on foot I have proved by actual digging that the yellow 
color seen in the middle and lower part of the gullies is strictly m 
litu, and that the i«d color at the same levels between the gullies 
is what it appears to be, a mere surface wash — a red veil descend- 
ing from the red crown at the top of the section. 

For the past twelve years I have had in my teaching collectioa a 
series of ^>ecimens ilhistrating the normal gradation of colors 
from the surface soil to the underlying rock, which wer« carefuUy 
sdeoted for this porpoee at a gold mine in Fluvanna county, Vir- 
ginia ; the entire section, from the surfaoe to the unaltered mica 
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BchiBt, measui-ing, in thia instance, less than 12 feet, anci the red 
da; less than 3 feet More recently, I have collected a similar 
series in the vicinity of Rock creek, in the District of Columbia. 

In connection with his criticism of my views, Mr. Russell refers 
to a quotation, ,on an earlier page of his essay, from an account by 
Prof. E. A. Smith of the residual clays of Alabama*. Professor 
Smith's description, so far as it is pertinent to the present dis- 
cussion, is as follows : 

The soil of the red l»Dds Is derived troin the decompOBed hornblendlc 
gneisses aod slates, wblcb Id many places, where exposed In washes or 
giillles, are seen to be mere stratified clays, containing fragments, more 
or less angalar, of lh« quartz veins or seams, which are nearly always 
iDterbedded with tbo other rocks of this region. The top stratum of 
this soil, from two to three Inches In depth, has often a dark chocolate- 
brown color, but below It becomes a bright red, and at varying depths, 
from ten to fifteen feet, becomes a yeUowith, hard clay. Where the 
frethly decomposed roda are teen the ailor is yetleaiMi raOter than red, 
the latter color ( red ) bebi^j darker and more intetue, apparently, the 
further removed the eoU to from Ue orlotnol poMton and the more It Is 
affected by the decay of the vegetable matter. 

The italics are my own ; but how this description lends any sup- 
port to Mr. Russell's criticism is certainly not very clear ; on the 
contrary, it corroborates my statements that the red coloris limited 
to the vicinity of the surface, and that the deeper and newer olay 
In every normal section is yellow. Professor Smith's description 
(which would apply equally well to large areas in Geoi^a) indi- 
cates, what might naturally be expected from the lower latitude, a 
greater average thickness of the red clay than I have observed in 
North Carolina and Virginia. 

Whatever the cause of tlie superficial dehydration of the ferric 
oxide, changing the color from yellow to red, it is unquestionably 
a slow process ; and since the red portion of the soil is clearly the 
oldest t>art, residual, unlike sedimentary, deposits growing from 
the top downward, we may find here an easy and sufficient expla- 
nation of the point in Mr. Russell's criticism to the effect that ' ' over 
coDSLclerable areas in the South the surface clays are various shades 
of yellow, which would not be expected if the red color of adjacent 
field:) is due to temperature " ( page 42 ). We have only to sup- 
pose that erosion, which acta upon all areas in some degree, is 
here sufficiently rapid to prevent the development of the red color, 
remoring the clay before it has time to change its hue. Mr. Rns- 
sel has pointed out very clearly that the simple existence of the 

■Geological Survey of Alabama, Report tor tS81, and 18:^3, p. 1S4. 
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residual clays proves a general predominance of decay over denn- 
datiott ; but evea where the rate of decay is uniform, the ever 
voiying conditions of erosion must give rise to every phase bo> 
tween the greatest observed depth of undisturbed residual clay 
irith the full complement of colors — red, orange, yellow, and gray 
— and the hard, bare ledges seen in craga and atream'beds ; and 
we may safely predict that in passing from the one extreme of 
denudatdon to the other, these tints will, as a rule, appear in suc- 
cession at the surface. 

According to my observations, the surface of the strictly seden- 
tary detritus of the Piedmont region is rarely yellow, except 
where the conditions are obviously more favorable for rapid erosion 
than over adjacent red areas. Often in the same limited field it 
can be seen that the steeper slopes of the land, or, in general, 
those areas most exposed to the wash of the rains, are yellow, 
while the more level or less exposed parts are red. The colors 
thus tend to distinguish the areas of slow and rapid erosion ; but 
It is intended, of course, to embrace in the latter, as in die former, 
only the general ablation of the surface, and not the gullies so 
characteristic of southern hUlsides, which, when onoe started, 
quickly cut clean, vertical sections through thn clays. Now the 
fact that the' red clay washed by the rains from the steeper slopes 
must be spread, in large part, over the more level areas imme- 
diately adjoining, affords an obvious and simple explanation, not 
only of the constantly varying thickness of the red claj-, but 
especially of the exceptionally great thicknesses sometimes 
observed. I have purposely neglected to take account of these 
before, because the statement that the re<1 clay is mainly super- 
ficial was intended to apply only to detritus that is still in »itu, or 
strictly sedentary. No argument is required to show that by raiu- 
wash from surrounding slopes the red clay might be accumulated 
upon a limited area to almost any depth, even fifty feet, as stated 
by Russell. But it is an obvious mistake to compare such special 
accumulations of transported detritus, which arc in general readily 
recognized by their situations and horizontal stratification, with 
clay which is still in titu. The same principle also explains the 
exposure of yellow clay over level areas ; for evidently when the 
red clay has been completely washed from the slopes, the yellow 
clay will experience a similar ablation ; and it is not difficult to 
see how the conditions would often be favorable to a commingling 
or inter-stratificBtion of red and yellow clays. 
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On pasBtDg from the Piedmcmt district of North Carolina to the 
Blue Ridge and the tableland bejond, the red clay, through the 
accelerated erosion, rapidly diwppears, except in the most pro- 
tected places. The outcropping ledges and crags are bordered by 
successive and perfectly blended zones of disintegrating rock, and 
gray, graytsh yellow, and yellow clays ; and only, as a rule, on 
the gentlest declivities are orange and red tints observed. The 
same conditions were observed in the Appalachian valley, between 
the Pennsylvania line and the Natural Bridge, yellow and orange 
being the prevailing colors, and red rarely occarring in consider- 
able patches. Although the comparative absence of the red clay 
in these more elevated and mountainous areas might be attributed 
to the colder climate, the correlation with the accelerated erosion 
appears on the whole more simple and direct -, and the latter must 
certainly be regarded as at least the chief cause. 

Although it appears unnecessary to materially modify my pre- 
vious statements concerning the distribution of the colors in sed- 
entary detritus, I am, as already stated, leas disposed than formerly 
to insist upon the entire adequacy of the warmer climate of the 
South as an explanation of the red surface soil of that section. 

The dehydration of the ferric oxide is not wholly dependent 
upon heat or pressure or any obvious extraneous agency, but it is. 
in a large degree, apparently, a spontaneous process. Of this we 
have abundant evidence in nature and in the laboratory. When 
the iron, which exists in the various silicate minerals chiefly in the 
ferrous state, is liberated and peroxidized during the decay of these 
species, it combines naturally with a very large and indefinite pro- 
portion of water, forming the yellow hydrate which is seen as a 
flocculent or a gelatinous colloid in the waters of springs, bogs, 
and marshes, and when the hydrate is obtained as a precipitate in 
the laboratory. But this colloid mass, even If immersed in water 
and entirely undisturbed, gradually and spontaneously gives off a 
large part of the water which the ferric oxide has so greedily 
absorbed when in the nascent state ; and it appears thus, as it 
slowly solidifies and hardens, to pass in succession through the 
forms of the various native yellow hydrates— limnite, xantkoii- 
derite and limonite, to gOthito. That this progressive change 
continuea is evident from the fact that these yeliow hydrates are 
gradually replaced in the older formations by the red hydrate 
(turgite) and by ferric anhydride (hematite). When occurring as 
original or contemporaoeons, and not as secondary, deposits, th& 
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yellow ores of iron are found, as a rule, only in the later rocks ; 
while the red ores are generally restricted to the earlier rocks. 
This genetic relation of the yellow and red ores is one of the most 
familiar and generally accepted facts in geology. However recent 
the origin of the red ore (tnrgite or hematite) may appear to be in 
any case, we naturally infer that it was fii^t yellow, and that it 
has passed slowly or rapidly, as the case may be, but gradually, 
through the series of yellow hydrates. 

The frequent absence of any apparent cause for this change 
leads us to assume that it is essentially spontaneous, in the sense 
that, although often hastened by heat or other extraneous agency, 
it would take place eventually without such aid. This view is 
strengthened by the analogous series of changes exhibited by 
silica. The gelatinous silicic hydrate obtained in the labratory or 
seen in the waters of thermal springs, loses water and hardens 
spontaneously, and eventually reaches the comparatively stable 
condition of opal, which is comparable with limonite ; and since 
opal, like limonite, is always of recent origin, we know that it 
must change more slowly into anhydrous silica or quartz, as 
limonite changes to hematite. The aluminum and other hydrates 
manifest a similar tendency. As the dehydration continues, there 
is a concomitant change from the amorphous to the crystalline 
state, analogous to that observed in the devitrification of glass 
and obsidian ; and Uie dehydration is probably as spontaneous 
as the crystallization. 

If it be conceded that the dehydration is virtually, if not abso- 
lutely, spoDtaneons, and there is no apparent alternative, it fol- 
lows tiiat the color of a deposit, so far as it is due to ferric oxide, 
is, other things being equal, a function of its geological age. In 
other words, the color naturally tends with the lapse of time to 
change from yellow to red ;. and, although this tendency exists in- 
dependently of the temperature, it is undoubtedly greatly favored 
by a warm climate. Applying this principle to the sedentary soil 
of the South, we find that the superficial portion is red, not alone 
becanse it is exposed to a higher temperature than the subjacent 
yellow clay, but also because it is the oldest part. On the other 
hand, the limited occurrencea of post-glacial sedentary detritus in 
the North are, in the absence of the favoring climatic influence, 
still too young to exhibit the change of color even superficially. 

It is generally conceded that the glaciated area was, in pr^la- 
cial times, covered with a continuous sheet of sedentary detritus 
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eimilar to that of the South, but probably not bo thick. This now 
forms a large pail of the till or bowlder-clay ; and in its colors, 
thoroughly mixed and greatly diluted with gray (trituated rock), 
we have the color of the till. A simple experiment shows that a 
small proportion of the red clay of the South mixed with gray clay 
gives a decided reddish tinge to the whole. The absence of this 
reddish tinge in the till may, however, be at least partly explaiaed 
by the strong erosion attending the preglacial elevation of the land; 
on the same principal that the red clay is now mainly wanting on 
the mountains of the Soutii. It seems, however, impossible that 
a thickness of red clay in the North comparable with what now ex- 
ists in the South could have been so completely swept away or ex- 
tinguished as the character of the till would indicate. Hence we 
naturally fall back again upon the alternative view that the red 
color was developed very scantily, if at all, in the North, in pre- 
glacial times, and that, after all, the climatic difference is an im- 
portant factor in the true explanation of the contrast in color be- 
tween the residual clays of the North and South. Certainly no 
other explanation accounts so satisfactorily for the fact that in low 
latitudes flows of basaltic lava assume in a tew years a bright red 
color, which never happens in the NorttL The general conclusion, 
then, to which the foregoing considerations lead is that the color- 
contrast is due chiefly to the difference in climate, but that the 
operation of this principle ts modifled in a general way by the 
essentially spontaneous tendency of the color to change from yel- 
low to red. 



THE FAUNA OF THE LOWER CAMBRIAN OR 
OLENELLUS ZONE. 

By Job. F. Jahbs. Washington. 

This paper* occupies pages 509 to 7G3 of the tenth annual re- 
port of the director of the U. S. geological survey, and it is the 
third extended paper published by the author upon the Cambrian 
during the past six years. It is profusely illustrated with three 
maps, fifty plates of fossils, and numerous sections in the texL 
The author has been an earnest student of the Cambrian rocks for 
many years, and students of geol<^ and paleontology will appre- 
ciate this presentation of the fruits of his labor. 

The paper under consideration treats solely of tiie lowest dlvis- 
r Oleaetlus zone. By C D. 
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icm of the Cttmbrian : a Babdivision of the geological scale that, 
a few years ago, was regarded as of scarcely any importance even 
If it were really known , and a subdivision that has scarcely yet 
found its way into geological text-books. It cootfuns material for 
the earnest considerations of geologists of America, and if its con- 
clusions be accepted, it must very materially alter man}' concep- 
tions at present entertained. 

In the two previous publications above referred to' Mr. Walcott 
considered the rocks coDtaintDg Olenelliu as of Middle Cambrian, 
and those containing Paradoxidei aa of Lower Cambrian age. A 
careful study of a complete section in Newfoundland revealed the 
fact that in reality OleTielluM occupied rocks beloic those coDtaining 
Paradaxidea, and were, consequently older. He was the first to 
announce the discovery, and promptly corrected the previously er- 
roneous idea. The question of the adoption of the term ' < Cam- 
brian " in preference to ' > Taconic " is not entered into, though the 
fm-mer is definitely adopted. A careful study of the literatare has 
convinced him, however, as it would those who give it equal at- 
tention, that Cambrian was applied by Sedgwick to rocks below 
those containing a typical Lower Silurian fauna, aa the TocfMiic 
Was applied by Emmons : and Cambrian has eight years priority 
over Taoonic. 

The scope of the paper under review is wide, including a bibli- 
graphy, an historical review of the literature, and a discussion of 
the results from both a geological and a zoological standpoint 
Under the head of "Historical Review," we find notices of the 
work of prominent investigators from the time of Amos Eaton in 
1818 down to the year 1890. It is true Eaton did not recognize 
the Cambrian as such in his early work, but inasmuch as the local- 
ities studied by him are now known to contain rocks of Lower 
Cambrian age, it was considered fitting to begin with his work. 

The first fossils were found in rocks of this age by Dr. Asa Fitch 
in 1844. They were described by Emmons in the same year, and 
referred by him to his Taconic system. Barrande in 1860 identi- 
fied these fossils as belonging to the Primordial Period, and 
credited Emmons with the discovery of their strati graphical posi- 
tion. Mr. Walcott, however, considers that the credit should be 
given to Barrande, who he says, "was misled by the evidence 
advanced by Dr. Emmons, which was based on the erroneous inter- 
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pretatiou of the geological structure by Eaton, in 1824, and fol- 
lowed by EmraonB in 1856." (p. 528.) 

The discoveries made in various localities by different workers 
are referred to in some detail, and the geological is followed by an 
account of the palenotological investigation. In this review men- 
tion is made of the different genera and species described between 
1844 and 1890. Fossils from the Olenellus zone were not fonnd 
in Kurope until 1868, when Nathorst recorded tbem from Sweden. 
Since that date they have been found in Norway, Russia and Great 
Britian. 

In establishing the limits of the Olenellus zone, the base is con- 
sidered bj- Mr. Walcolt to be " where the genus Olenellus, or the 
fauna usually accompanying it first appears ; beneath that horizon, 
the strata are referred to some of tlie pre-Cambrian groups of 
rocks." (p. 549,) This reference is made irrespective of whether 
the latter tie conformably beneath or separated by a marked strati- 
graphic break. In the former case, however, Mr. Walcott con- 
siders that possibly the range of the Olenellus fauna, and therefore 
the Lower Cambrian zone may be extended downward into what 
are now regarded by bim as Algonkian rocks. Descriptions and 
illustrations of sections in Nevada, Utah, British Columbia, the 
Grand GaHon of Arizona, eastern New York, Vermont and New- 
foundland are given in this connection, 

An important and interesting section of the paper is that which 
deals with the features of the North American continent during 
Lower Combrain time. It is considered that the continent was 
then outlined in a rough way, and had a somewhat similar form to 
that at present. The fauna lived on both the east and west sides 
of thecontinent. " Strictly speaking," be says, "the fauna did 
not live upon the outer shore facing the ocean, but on the shores 
of interior seas, straits or lagoons that occupied the intervals be- 
tween the several ridges that rose from the continental platform 
east and west of the main continental land surface of the time. " 
The idea here expressed will, if accepted, make it necessary- to add 
a new map to the series illustrating the growth of North America ; 
and it will have to be represented as of much greater extent than 
the Silurian which came later. The \-iew advanced is considered 
sustained by the following evidence r (1.) The strata containing 
the Olenellus fauna are known only in the eastern and western por- 
portions of the continent ; (2.) as far as known the Lower Cam- 
brian sti^ta are absent in the interior of the continent ; (3. ) the 
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Upper Cambrian strata are ancoufonnably superjacent to the Al- 
gODkian and Archean rocks, over areas where the Middle and 
Lower Cambrian formations are absent; (4.) the strata of the 
Middle and Lower Cambrian are eooformably beneath the Upper 
Cambrian on the eastern and western sides of the present contJnent 
in all sections where tlie three divisions are present." (p. 557.) 

This portion of the paper is illustrated by one map showing the 
general distribntioo of Lower Cambrian strata, and by a second 
upon which are shown a namber of sections from typical areas. 
Tbese indicate the relations between the base of the Lower Cam- 
brian and the rocks beneath, as well as the relation between the 
top and the overlying series. While a theoretic section across the 
continent from east to west shows the troi^hs in which the Lower 
Cambrian rocks were deposited, and indicates the presence of a 
land area between the Adirondacks and the Rocky moantains. 
Other illustrations show the unconformity between the Fotodam 
and the underlying Archean of the Mississippi valley. The gen- 
eral conclusion arrived at is that the interior of the continent, prior 
to Upper Cambrian time, stood at a relatively high level. This 
teems to be proven by the accumulation of more than 10,000 feet 
of sediment in Nevada and in the Wasatch mountains, by the 
great thickness of strata of Lower trad Middle Oambrian age on 
both the east and west sides of the continent, and the absence of 
these rocks in the interior. Mr. Walcott further says: "That 
the Upper Cambrian sea was transcontinental is shown by the 
presence of the same species of Upper Cambrian fossils in similar 
stratigraphic relations to strata containing the Ordovician ( Lower 
Silurian) fauna in the valleys of the Bt Lawrence and lake 
Champlain, and on the slopes of the Adirondacks in New York ; 
in the southern Appalachian region of Tennessee and Alabama ; in 
the upper Mississippi valley in Wisconsm and Minnesota ; in the 
sandstones and limestones of Texas and the Black Hills of Dakota, 
and in the limestones of Nevada and Montana " ( pp. 561, 562. ) 
It is not ai^ued that the fauna of these widely separatetl 
localities were contemporaneons, but that they have identical 
stratigraphical relations everywhere to the fauna above, and to 
that below when it is presnt. 

In the notice of European deposits a map is given, copied from 
one by Hicks, upon which is shown the distribution of the for- 
mation and several typical, vertical sections. 

A resume of the fauna shows the existence of 67 genera, 165 
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apecies imd 12 varieties of fossils from this formatioa in America. 
In several localities in this country' and ia Europe aouooMiformity 
is found between the Lower and Middle Cambrian, and tbere is at 
present no way of accounting for the change from the Olenellna 
to the overlying Faradoxides fauna. 

A number of new forma are described in the last section of this 
paper, one of them, Trackyum vetvstum by Dawson and tbo others 
by Mr. Walcott. The figures illustrating the species are, in gen- 
eral, excellent. Students interested in the problematic Oruziana 
will find a number of plates illustrating various forms it assumes. 
The belief is expressed that many of tbe so-called species were 
formed by one kind of animal, while even had specific differences 
existed in the animals themselves, those would not be manifest In 
the trails or burrows made by them. The trilobites are placed in 
sixteen genera, and number fifty-three species, forming less than 
one-third of the entire fauna. Under Ohnellut nine species are 
recognized, these being referred to Olenellia proper, and the sub- 
genera Metonacit and Solmia. The species are illustrated on a 
series of twelve plates, which are most valuable for comparison. 
The genus Atopt of Kmrnons is discarded and replaced by Cotw- 
coryphe, upon the ground that it was so badly defined and figured 
as b) be unrecognizable until tiie discovery of new specimens in 
the type locality over forty years after its original discovery. 

(The paper will doubtless create discussion, and while some of 
the conclusions of the author may not be accepted by all paleon- 
tologists, something that can scarcely be expected, certainly all 
will be glad to have this full presentation. 



THE FAUNA WITH GONIATITES INTUMESCENS, 
BEYRICH, IN WESTERN NEW YORK. 

By J. M. Clabkb. Albany. N. Y. 
Some years ago the writer hod the opportunity* of discussing at 
considerable length the faunas of the Genesee shales and those 
beds of the " Portage group " which were designated by professor 
Hall, in 1840, the " Cashaqua shale " and the " G-ardcau or Lower 
Pucoidal group. " The data accessible at the time of this work 
had been collated mainly from the southern area of Ontario and 
Livingston counties, incidentally from Yates county on the east 
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and G«neBee county on the west ; they were the result of careful 
obaervatioos made over a period of several years and part of the 
oatcome of the work was a coDstderable increase in our knowledge 
of faunas which had hitherto beea regarded as exceedingly meager 
and uninYiting to either the geolc^st or paUeontologist. 

Since the publication of this paper the writ«r has taken every 
opportunity (alwaya with the oo-operatjon of his friend, Mr. D. D. 
Lntber, of Naples,) to add to hie representation and knowledge of 
these faunas. It has been inconvenient to undertake any ayatematic 
investigations in the country adjoining either on the east or west, 
but such desultory tours as have been made over the outcrops of 
these formatioas in the neighboring counties, lead to the conviction 
that certain important faaoal characters are more positively de- 
veloped in the Ontario county section than elsewhere, and that for 
the study of these fossil faunas in their fullest development do 
area is as favorable as that which circumstances have made it con- 
venient to thoroughly investigate. 

The large amount of new and highly interesting material that 
has been obtained from these beds now makes the faunal lists of 
qnite formidable size ; furthermore, the fossils, though of som&- 
what rare occurrence, ore not of such inferior preservation as one 
would infer from an inspection of the most extensive palsozoio 
oollecttons of the country, or from a few days' or weeks' collecting 
tours in the field ; they have, with patient work, proved moderately 
abundant and often of exquisite preservation ; indeed, we now 
possess series of many of the species, which afford the develop- 
mental stages from early age to maturity. It is the hope and 
purpose of the writer to eventually elaborate these interesting 
faunas and the growth-phases of tlieir component species ; the ob- 
ject, of the present paper, however, is to indicate their qnantiva- 
lence and time-values. 

Along the meridional section indicated, in a general sense that 
of Canandaigua lake, the Genesee shales lie directly on the upper 
shales of the Hamilton group, the Tully limestone having thinned 
out and disappeared a few miles to the east These shales have 
here essentially the same lithol<^ical charactera and variation as 
on the High Banks of the Oenesee river, their separation from the 
underlying argillaceous Hamilton shales being rather more abrupt 
than is usual between formations of shaly rocka following each 
other conformably. Toward their base they are somewhat arena- 
ceous, but rapidly become verj' bituminous and beav^'-bedded, these 
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latter layers bearing quite sparingly traces of conodonts, fishes and 
planta, with Lev^rkj/nchu* quadricostatut ^nd OrhictdoidealodeRtU. 
Toward the top they agaia become argillaceous. 

The fauna of the upper and lower shales is very meager at the 
best, and consists essentially of these species ; 
QoniatUea uniangviarU Coarad, Coleolut octculum Hall, 

PlrnxotomaTia. rugulata Hall, LunuUcardium, fragUe Hall, 

LtioThynchugquadTioostatua'Vt.nnxv.iD, OrbicvloidealoAenat» Vanuxem. 

This is a well known combination characterizing the black shales 
throughout their ex1«nt in this state, eastward and westward of. 
this meridian. 

Shortly after the retreat of the Hamilton faona and the first ap- 
pearance of bituminous sediments with this association of organic 
remains, there appeared an interesting incureioD of species which 
invites special attention. This faunule has been studied only at a 
single outcrop in Bell's gully, on the east shore of Canandaigua 
lake, in a thin band of black shale but few feet from the base of 
the series and distinguishable from that immediately above and 
below only in being slightly less sandy. It would be natural to 
expect, among the earlier portions of these sediments, some indi- 
cations of a more or less restricted return of t^e characteristic ba- 
sociation of the Hamilton ; such indications, indeed, it is quite 
likely will be found, but this little assemblage is not of such a 
nature. The following species have been identified : 

Couodonls In considerable variety. 

EntomU sp. 

Fragments ot an uadetermiued phyltocarid crustacean. 

Orthocerae sp. 

HyolUhe* sp., unlike species ot the Hamilton or succeeding Taunas. 

TentacuUte» sp. 

''StyHoUna M^trella Hall ; not especially abundant. 

•Pleurotonwrio copUtarta Hall. 

*P. 111/8 Hall, var. tenalapira Hall. 

•P. Tugjilala Hall. 

NtunttUei, sp. nov.; abundant. 

XitnuUcardd'Tn, sp. nov.; a spl nose species occurlng both In the Sty- 
llola layer and tbo Naples beds. 

CiiTdiola Dorl» Hall, 

C. {Buchlola} retrostrlaM von Uuch, 

Phthonla like F. nodocostaM, Hall, but persistently smaller lu size. 

"ChoneUi Upida Hall, 

Clwnetts, not. aurora Hall, 

Twigs or PgUophyton or Bhachlnpterls. 

The usual species of the black shales are thus seen to be almost 
wholly absent from this assemblage. Such of the species (those 
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marked with an asterisk) as have appeared in the faunas of the 
Hamilton series, continoe their existence to a still later period and 
they, together with ZunuJicanliuni. sp. nov. , Cardwla Dori», and 
C. retroitriata, constitute an association which is emphasized in 
the more abundantly developed faunas of the Styllola layer and 
the Naples beds. 

Sxceedingly interesting is the occurrence of a form of Ckonttts 
which it is difficult to separate from Chtmetei aurora Hall, a form 
known in New York only in the fauna of the Tully limestone, to 
which reference will subsequently be made. 

Above the most densely bituminous layers of the Genesee shales 
and near the middle of the series, occurs the stratum which has 
already been termed the Styliola lager* a bituminous limestone 
but a few inches in thickness, often compact, sometimes of a sub- 
crystalline and loose texture, at others inclined to be shaly or 
actually passing into thin choGolate-colored shales, nevertheless 
persistent over an east and west strike of at least 20 miles. It is 
essenljally an accumulation of millions upon millions of the minute 
pteropod shell known as Stj/liola or Styliolina JUturtUa Hall.* 
Only in a few places does this fossil appear to have given way to 
an inoi^auic at^illaceous calcareous matrix.' The fauna of this 
layer is an assemblage of species, some of wbich occur in the 
Genesee shales above and below, but many of them appear here for 
the first time. The following list, though incomplete ^n account 
of including several important undescribed species, is still sufil- 
ciently full to serve our present purpose : 

ZHnldhi/a ntwberryi Cl&rke. 

Pal«on(8CiM devonicuMCXaxVa, (also In the Naples beds). 

Undetermined plates and scales of flsbes, 

CoDodonts. (not common, but similar In form to those below, and In 
the Naples beds above). 

"See Bull. U. 8. Qeotogical Survey, No. 16 and Seuea Jalirbuch fQr 

Mineral. 1801. Bnd. 1. 

•For a flgare of a thin aectton of tlils pteropodsl limestone, see Nich- 
olson and Lydehker's Manual of I'alteontology, vol. 1, page 24, fig. 8. 
1889. This illustration does not show the Interesting effects produced 
by the crystallization and cleavage of the ealclte, which are referred to 
In Bulletin Ko. in. 

■The position of tht« layer Is Just above the heavy bituminous beds 
and not tar from the middle of the aeries. In the Bell's gully section 
the lower arenaceous shales are thin and contnln stragglers from the 
Hamilton raolluscan and crustacean fauna with a great abundance of 
Leiorhvnchua quadriciMdtvs. They are about 15 feet in thickness, the 
overlylngheavybituminousbcds having a thickness of IIS feet. Above the 
^liola layer there are 85 feet of the more sandy black shales overlaid 
by the green shales and thin sandstones of the Naples beds. 
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OoniaUXx* Intumeaoent Beyrlch, {^Oontotltes pateraont Hftll; I have 
collected and studied scores of Bpecttnens of tble species from the Intu- 
mescena-kalk of Westphalia and the Htrtz and can Bnd no single detail 
or general feature on which to base a separation of this from the typi- 
cal Oetman form. Also In the Naples beds). 

QofOomet untan^ularls Conrad, (abundant; also In the Naples beds). 

GontaCUe* nodifer Clarke, (In the Naples beds?). 

OoniaUtea sp. nov. (a), (a deeply i^mblllcaled primordial species with 
tntumetcens sutures and very strong concentric growth-varices on the 
younger whorls. Also In the Naples beds). 

Onniaates sp. nov. (b), (a small primordial species with flattened dor- 
sum; compare O. forcijiijer Beyrlch. (Also in the Naples beds). 

OoniatitM sp. nov. (c), (allied to Q. irKumefcetu but closely nmblll- 
cated and with more inaat«d whorls. Not common). 

Ooniotlteg sp, (d), (similar to O, uniantrutorto bat sharply carluate on 
the dorsum). 

Orthocerag pacator Hall. (To this species Is referred the commonly 
occurring OrOwcerai of the rocks, a smooth, terete form with constric- 
tion on the chamber of habitation. Also In the Naples beds). 

OrOtccerat acUniUMee Clarke, (also In the Naples bods). 

OrOiocerast JUagwm Clarke. (The surface markings of this species 
are similar to those of the genns PharetTAla. (P. tenebrosa Hall) ; It may 
prove to belong here. Also In the Naples beds). 

Orthoceraa sp. nov. (a). 

OrtAoceras sp. (b). 

Orthocenn sp. (c) 

QmnphocenM sp. nov. (a). 

(iomphocerag sp. nov.? (b). 

Bactrtus sp. nov. (also In the Naples beds). 

Coleolue octcutum Hall; (also In the Naples beds), 

Tentaculiteg gradlUtrlatta Hall, (also In the Naples beds). 

Styliolina fttsurella Hall, (exceedingly abundant In the Naples beds). 

BelUrojaum gtrUUtu (Fer. and d'Orb.) Bronn. 

Bellerophon indgut Clarke, (also in the Naples beds). 

Belleroptwn sp. nov. (a). 

BetUroption sp. (b). 

Loxonema noe Clarke, (also In the Naples beds). 

PleuroUmtarla cnf. ilyt Hall, 

PleuroloTnaria Uya, var. tenviapira Hall, (also in the Naples beds). 

PlatysUnna Tnlnutigaimum Clarke. (This little shell Is so exceedingly 
abundant both In the Styllola layer and In the concretionary layers of 
the Naples beds that there may be good reasons for regarding It of 
pteropodal nature, like Llmacina and SpMaltt, but dextrally colled). 

FlalysUrma ap. nov. 

Macrocheilut sp. nov., (also In the Naples beds). 

A new gastropodoos genua, suggestive of Autodetus Llnnarsson, but 
a true phorld. 

I.unutloardl»ni fragile Hall, (also In the Naples beds). 

Lunullcardlum oi^crtum Hall, (also In the Naples beds). 
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Lunultcardtum sp. nov. (a), (with spines on the lanule; also in the 
Nkples b«dg). 

iMmMcardittm ap. nov. (b). 

NwiuUt sp.7 CDf. di^AeM Hall, (also Id the Naples beds). 

Xudnaf T cof. sutorMcularlA Hall, (also tn the Naples beds). 

Laeinat T sp. dov., (also In the Naples beds). 

Cardtoia (Buchtda) retnwtrtofa von Bnch, (not ancommon; very 
•bnndaDi In the Naples beds). 

CarAiola dorit Hall, (also In the Naples beds). 

Sfrophaloala, a small species like S. truneata Hall). 

ChoTUta lepida Hall. 

LeiorhtftuAut sp. ? 

Lin^juta rpatulata Vanuxem (also In the Naples beds). 

OrMcutotdm, (a very small species). 

Cta4och«nus f sp. 

Xelocrinus clarkll WlllUmB, (also In the Naples beds). 

CladoxyUm mirobUe Unger. 

Dodo^Ion elarhii Dawson, (also In the Naples beds). 

Dadoxylon rteteberryl Dawson. 

Cyclottignia afflne, Dawson. 

LepldocUndnm pnnuemim Bogers (Dawson's identification. Also In 
the Naples beds). 

Lepldodettdron gaspiamim Dawson. 

This aasociation of ot^nisms was broken up with the closing 
of the comparatively brief period of time represented by the Styliola 
lager, and only occasionally do representatives of tbe fauna t^ 
pear scattered through the overlying mass of dark shalea. A 
few fonns, e. g. Cardiola relroitriata, Loxonema noe, Plewroto- 
maria ilyi, var. tenuupira, return in the upper levels of the 
series, in association with characteristic Genesee species, Zunuli- 
eardium fragile, etc 

Thereupon follow the compact greenish sandy shales with thin 
laminated sandstones, which chnractcrize the Cashaqua shales, or 
base of the "Portage " series. 

The lower beds of these greenish shales and Sags alternate with 
two or more considerable beds nf black shale, which are, at times, 
exceedingly bituminous and verj' heavy-bedded, but usually some- 
what arenaceous, in other words, are very like the Genesee beds 
beneath. The characteristic fossils of the Genesee beds do not, 
however, reappear at these horizons as far as known; indeed, the 
only invertebrate fossil that has been found here is an interesting 
goniatite allied to Q. chemungentit Hall, and described by the 
writer as a variety of that species ; a foi-m with a multtlobate 
septal suture like Q. elavilobvt Sandbei^er, a lower Tapper Devon- 
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ian ( IntumesceDS-kalk ) species occurriDg at Brilon, WeBtphalia." 
Fish remains are sparingly found, (Pataonitcut devonicui, Aean- 
lAodei? priicui, and several undetermined species) with occasional 
fragmento of LepidodendTon and other plants. The shales ly- 
ing between and above these bituminous bands became filled up- 
ward with increasing amounts of sandstoue until gradually and 
finally the thin-bedded sandstones predominate over the shales. 

It was to this portion of the Portage series that the term " Gar- 
deau or Lower Pucoidal group " was originally applied, and to the 
upper and overlying beds which are mostly heavier bedded sand- 
stones, the name "Portage or Upper Fucoidal group." The fact 
is that the alteration in the litholc^ical nature of the sediments 
has l}een a very gradual evolution and it is quite impossible to 
uphold a satisfactory division of the series on such a basis. The 
palseontological evidence is different. With the introduction of 
the green shales of the Cashaqua or basal division of the series, 
we find certain species of the Styliola fauaa reappearing. These 
become more abundant or are at least better retained in the beds 
of shales lying between the first and second bituminous bands or 
wherever there is sufficient calcareous matter in the strata to form 
Bubconcretionary lenticlcs. 

It is here that the fauna attains its highest and most character- 
istic development, but so far forth as the shales prevail, even 
after the very material encroachment of the more arenaceous sedi- 
ments, the same fauna accompanies it. We refer to the fauna in 
its toute entemhh, the variations in the faunulesof a given stratum 
from that of the next above or below being of limited significance 
either geologically or palffiontologlcally. In the lower beds the 
species of the shales ate occasionally fonnd in inferior preserva- 
tion, in the thin layers of sandstone, but as the sandstones become 
heavy-bedded and more continuous, this is a rare' occurrence. 
Reference has been made in Bulletin No. 16, (p GS) to the appear- 
ance In the midst of the "Portage" sandstones, that is, in the 
upper member of the series lying between the Genesee shales and 
the Chemung sandstones, and about GOO feet below the earliest 
known occurrence in this section of a fauna with Spiri/er dii- 
janctut and Ortkit impretia, of an assemblage of brachiopods, 
Leiorhynchut mttacotlalit, AmI/occeh'a umbonata, Atrgpa atptra, 
Rhynchonella eximia, etc. , which are a new association and one 

"Kayser. Zeitschr. der deutsch. geolog. Gesellsch. vol. xxlv, p. 667, 
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reappearing oonstaDtly together with Spirifer ditjunetu* in the 
normal Chemung fauna. Directly beneath thia level is the last 
known appearance of the fauna of the ahales below. 

It has become evident that the original terms applied to sub- 
divisions of the Portage series have a very reBtrieted llthological 
value and must lead to deception in r^ard to the faunal contents 
of the strata. It was for such a reason that the writer has made 
use of the term Naplet beds for the former and Naplei fauna for 
the latter ; the use of the term Caahaqua would express but a 
part of the truth, and the combination in one appellation of both 
Cathaqua and Gardeaa, would gain in ugliness what it lacks in 
precision. 

Attention is again briefly directed to a peculiar concretionary 
limestone stratum occurring in the Naples beds about half-way 
between the top of the first and the base of the second band of 
black shale. This is a thin, quite persistent layer, bearing a con- 
siderable intermixture of silica and pyrite, in color passing from 
a gray into various shades of green and red. It is a fine example 
of the " Knollen " and " Kramenzelkaike " of the Germans, bo 
characteristic of the lower Upper Devonian horizons in Westpha- 
lia and also described by F. Boomer, Lee, Cliampernowne and 
most recently by Ussher. This stratum is full of goniatites, 
principally G. intutnetcent, associated with 6. uniangalarit. Or- 
thocenu pacator, Bactriut tp., Loxonema noe, and with immense 
numbers of Platyttojna minutissimum. A similar fonnation is 
not known to occur elsewhere in the Devonian of America, and 
its significance will appear in the comparison of the species of the 
Naples fauna with their representatives in other countries. 

The accompanying list of the species of this fauna is neces- 
sarily incomplete. Many interesting forms are undescribed and 
their aflSnities can only be indicated. 

THE FOSSILS OF THE NAPLES BEDS. 

(Intumescens Fauna) 

Palaoniscut dcoonieus Clarke, (bJtumlnoufi bands) 

AcanOiodet prltciit Clarke. " " 

CoDOdonls In considerable variety " " 

BOtliUKarie whltfleUll Clarke. " " 

EiAlnocarigf beecherl Clarke. 

SpatMocarif emeraoni Clarke. 

OonuOiUs Intumeaceiu Beyrlcb, (~ 0. ptitersoni Hall ). These shells 
agree with the typical form of Beyrlch's species, that with a rouuded 
dorsum, aod are much more closely adherent to this typo than many 
shells which are referred to this species In the German Devonian. The 
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American species does not become c&rlnate nor evince an appreciable 
degree of variation In a large number of specimens. It Is the predom- 
inant gonlatlle of the fauna. 

OonintUes »iniw«u« Hall. Specimens of O.tnCumescefu which have been 
exposed to weathering since lossillallon or to maceration before It, often 
exhibit peculiar modifications of the septa. The specimens found In the 
thin sand; layers or Qags are usually thus modllied and In some of their 
CondltloDB are similar both In exterior and septum to those whit^h haveheen 
described as G. ginuosag and O. nundaius. I am at present inclined hi 
believe that Q. ftnututu U only a condition of Q. intumetcena resulting 
from modlflcatlon by mechanical and post-vital Influences. The species 
knoirn in the Intumeaceus-ltalk of the Iberg-Wlnterberg. Hartz, and 
Adorf in Waldeck, as O. earinntas Beyrlch, is, In every respect simi- 
lar to G. »»(ume«ceiw save In the fact that the lower lateral lobe Is 
rounded instead of acute. This, however, Is a feature which character- 
izes an undeveloped condition of O. intamesixng, as shown by Holzapfel 
and myself, and It is questionable If the forms can Iw properly separated 
on such a basis. 

Oonlatitet uniangtuarts Conrad. One of the SImpIlces, very closely 
allied to Q. retroraus simplex. 

OontatlUa Mcostoliu Hall. Another memtier of the same group. 

QoniaUUt lutheri Clarke. One of the Primordiales with sharp lateral 
saddle. I know no species with which this may be directly compared. 

Ooniatiiea nomplanatua Hall. This species was originally described 
as CivmeniaT compUmata In the Report on the Oeology of the Fourth 
District of New York; the figure accompanying the first description 
gave only the exterior of a flattened specimen having the same expres- 
sion and degree of umbillcation as O. liiOveri. The subsequent Illustra- 
tions and description of specimens referred to this species In volume v of 
the Palceontology of New York, show a septum like that of the SImpIl- 
ces and totally different from that of Q. lulherL I have been unable to 
discover the original specimen ot O. co mpIanoCus either In the New York 
State Museum or the American Museum In New York city, and without 
It, It will be Impossible to determine the value of the species. The 
designation complanatus may under the circumstances properly be 
applied to such goniatltes as show the suture referred to, and must be 
limited to such. However, no gonlatlte of this character is known to 
me in this fauna. 

QonbMKa chemungen«le Hall, var. Clarke. The single specimen Is 
from the lower black shales and shows no suture ; should it prove to be 
allied to O. ChemtmfienaU It may be regarded as a respmsentativeof the 
Irregu lares. 

Gonlatite» ?p. nov. A very large representative ot the Nautlllnl, 
closely allied to a iioemeri Holzapfel (Adort). See Oon. <b), Stytlola 

Gontotttcs sp. With a broad, grooved and rounded dorsum ; In exter- 
nal characters it may be compared to O. eoexus von Buch ; Internal 
characters not known. 

OoiUatUea sp. (G. sp. nov. (a) Styliola layer). A primordial species 
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with strong concentric flutingB on the earl; whorla, which become less 
consplcloua wltb age and »t maturity form sharp, close, concentric lines. 

GonialUa sp. A species with a broodlr flaring chamber oC habitation 
and suture similar to that of Q. mUentteri. 

OontdlUes sp. A primordial gonlatlte tike Q. intumeioetM, but small, 
less umblllcate, with closely crowded septa and sharply angled lobes 
and saddles. 

OoniatUa sp. A deeply umblllcated species, with broad grooved, dor- 
sum and coatate whorls ; c(. Q. tttbercuItUiu Holzapfel. 

Besides these species of goniatlles there Is some more or less Imper- 
fect material which indicates the existence of a few additional forms. 

OrOioceTot pacatvr Hall. 

Orthoixna ooteutotdes Clarke. 

OrOtocema onUirio Clarke. 

OrOtoeercu filorum Clarke. 

Orthoceros sp. nov. 

BwHriU* sp. nov. 

BnctrUetsp. 

ByolUltea neapolit Clarke. 

CoUolut acicutum Hall, 

Tentactdiiet gnKilUtriatiu H&ll. 

BtvOotinaJlMureHa Hall. 

Macrocti^lu* sp. nov. 

Platymoma MtniUfmtmum Clarke. 

Pleurotcmaria Oya, var. tenul«pira Hall. 

Pakeatrvdiut prmcwnor Clarke. 

Loxonema noc Clarke. 

BeCteropfum ruUaor Hall. 

BeUtrophon incwa Clarke. 

Bellerophon sp. nov. 

Leptodfvma cf. Licluia Hall. 

LeU/pteria Umttt Hall. 

OramTnygia sp. nov., of the general expression of 0. mibarcualn Hall. 

Macrodon sp. 

Jlucula, cf. diffldens Hall. 

PaUeon^Uo muta Hall. 

Ungulina ftiborbtcuUtrts Hall. This abundant shell Is very variable. 
In a large number of finely preserved Individuals, it appears that the 
nearly bilateral form with quite sharp concentric lines represented In 
the typical example, Is of rare occurrence. Such forms sometimes show 
fine radiating tlqes and are connected by a nonnal series with shells in 
which the body of the valve Is oblique and the surface frequently rugose 
from concentric growth-lines. The genus of this fossil Is evidently not 
UttguUna, probably neither CaTdiomorpha nor EdmondUi. The shells 
described by H. 8. Williams {Bull. No. 10, U. S. Geol. Surv.) as Lwcina 
uryamlngentia and L. vairyiiMTgia^ from this horizon in Qenesee county, 
I am unable to identify from the figures and descriptions. There are 
before me 30 eiceltent preserved Individuals of a species evidently con- 
generic with these (but by no means Luotna). They are probably Ident- 
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leal with one or both of Mr. Williams' species. 

Limut^rdltim omatiim Hall, (L. plnwitum Hall.) 

LnnultctiTdlurajTaalle Hall. 

LimMliwirdfmn lortJe WllUamfc 

LvmilicaTdlum sp. nov. (a) 

LuiwUarrdlum ap. nov. (b) 

LvnuUcnT^ium sp. nov. (c) 

Cardlolfi {DiichM'}) TetrostrUitii Von Buch. 

CnrdloUi Doria Hall. 

CardUiUi sp. nov. 

J'AoIailftIn sp. 

J.{iiai(i(( En'7U«tm Clarke. 

XtitTUlu (1^1 Hall. 

Xlngubi 8tMiful<tr'i Vanuxem. 

OrtliotiieU* arcWutrhitfi Hall. 

Chonetea scltutii Hall. 

SCrophalosIii sp. 

AMlopom iinneetens Clarlie. 

Melocrlnns clarkll Williams. 

From the lists given it is evident that tlie fauna of the Naples 
l)eds is tlie reapparitioo under more favorable condltiona, of the 
assemblage appearing first in the Styliola layer of tlie Genesee 
shales. The important characteristics of the fauna aa a whole, are 

1) the prevalence and variety of goniatites; 

2) the great numerical development of Cardiola retrottriata; 

3) the abundance and variety of species of the genus Lunuli- 
cardiam. 

4) the frequent occurrence of certain species of coniferous 
woods. 

It is hardly necessary in this place to enter into an elaborate 
comparison of the Naples fauna with the various developments of 
the Intumescens or Goniatiten-kalk fauna in the old world, in 
Devonshire, Brittany, Belgium, Westphalia, the Hartz, the Sty- 
rian and Carinthian Alps, the Urals, etc. With all these occur- 
rences there will be found many features in common, and it may 
be assumed that the student of paleaozoic faunae is more or less 
familiar with the published discuasions of these faunas. 

In the Naples fauna there is a noteworthy feature in the total 
absence of trilobitic remains which are usually present, though 
not abundant in its transatlantic manifestations; and in the pres- 
ence of phyllocarid crustaceans, which are not elsewhere kn^wn 
at this horizon. On the other hand not only the predominant 
elements of the fauna but the generic association throughout, and 
the expression of the component species, is in precise harmony 
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with the composition of this lower Upper Devonian faunti else- 
where. At Martenbei^, near Adorf, WestplialU, the Intnmescens 
faona has a pecaliar expression from the great abaadaoce of 
species of Lawuliearditan. This feature is (Hie raTe]^ developed 
and in this respect the Martenberg and the Naples fauna are most 
closely similar, while a general agreement prevails in the other 
elements of the associatjons. The Martenberg fauna has been 
most carefully elaborated by Dr. E. Holzapfel* and while the 
number of species is greater than in the New York fauna, the 
points of direct comparison may be indicated as follows : 
OonisUtes Slinpllces. 

n Buch. 



QoDlatltes Irregularea. 

O. multiUibatat Sandberger. cl. O. chaauTigenM, var. 
Gonlatltes Frlmordlalos. 

O. intameiceni Beyrlch. O. Intataeiicimg. 

?(7. txirlnatua Befrlch. ct. lO. alitiuMiu. 

O. tuhercubuua Holzapfel. ct. O. ap. nov. 

G. forclplfer SsDdb«rger. c(, G. ap. nov. 

OrOuxeraeKubfiexaoman'iiViaBtier.ct. O. sp. nov. 

O. vUfotuTo Saodberger. c(. O. fUotwn. 

O. ocuarium cf. O. vacatur. 

HiAopeUa arvantii Ilolzapfel. cf. Loixmema nne. 

Aforcrochelf UK cI((tiA«i'I Holzapfel. ct. MiicrocheUus sp. nov. 

Pleiirotomarta/o (c(f eniSandberger 1 

P. gUibtum Holzapfe] I cf. P. Uy» var. ten wfJitrtato. 

P. lenuOineata Holzapfel. ) 

Jiattca aCorfenMlg Holzapfel. cf. Ptatygtoma sp. nov. 

Vardlola retruntrlaUt von Buch. C. retrtMrUUa. 

C. giUiradlnta Holzapfel. I . „ , . 

C. infiata Holzapfel. f "■ ^- *^"- 

Mi/tUaroa beyrtchl Holzapfel. cf. certain variations of Lticina?? 
guborbtculaiia. 

I,unu((<Mir(itummfil(erfRalzapfet, {. * r , 

L. catuxltatum Holzapfel. f "^'^ ^ *"■ "'"'■ 

L, blekenenw Holzapfel. I -* r i™,,. 

L. iapatum Holzapfel. f "■ ^- ""^■ 

A comparsion like this can only serve to indicate, and that im- 
perfectly, Bimilarities, which in some cases may prove specific 
identities, while interesting and important points of agreement in 
other species may not even be suggested 

The species Cardiola relroilriata von Buch* {Buchiola, Bar- 

rande, Glpytocardia^ Hall ) makes its appearance in New York as 

in Europe in the earlier Devonian. It is found as low, thoagb 

very rarely, as the black shales of the Marcellus division. The late 

*Pala30Dlograpblca, Neuc Fulgc, vol. vHI, G, xsvtll. 
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professor Von Seebacfa cited Can/iumpuImalumOoldfa, (— ^.retro- 
tlriala VoD Bucb ) fsom the Wissenbacher ( Goalarer ) scbiefer of 
the Hartz, and F. Maurer, in "Die Thonschiefer des Huppbaeh- 
thales bei Diez "* describes a form vet? similar to C. retroitriata 
from the Wissenbacber-schiefer of the Bhioe.* BturaDde has 
also cit«d it from a still earlier horizon, his etage E, as he does 
also from the higher etage H, which may he nearer tlie plane of 
its normal maximum development in other faunas. Barrois has 
shown that the shales described by Caeiano de Pradot as the 
" Schistes h Cardiola retrottriata de la Collada de Llama," in the 
Province of L6on, Spain, are of equivalent age to the Wissen- 
bacher-Bchiefer of the Rhine.! 

TbU IdeaUficatloD la of much luterest od account of the close slnN 
larltf of the fauna of these black shales and the normal fauna of the 
Marcedus black sbales. The black Cardiola retrottriata shales are de- 
scribed as " fins, amp^llteuxet argilo-ferruglneui." The? have furnished 
but few species : 

Ptiacffpa UMfrvnM Bronn, cf. Ph.. rana (Marcellus shales) 

OonitMiet cf. occuUui Barrande, cf. t t Q. diaroldeiu " 

Ortliocerag rtgiilare Schlothelm, cf, O. tubiUatum " 

BaotrUe« gijhlothelmi Quenatedt, cf. B. ctamu " 

Pteurotomana gubcarinata F. A. 1^, p ruouUUa 

Roemer ) 

Pmtdonomya pargai de Verneull, cf . Pterijtea Uevi* Goldts. \&t.amtffi- 
ciinad'Orblgny{Marcellus shales) 
a Bucb, idem. 

c(. t ieforhynchMS itmttorig (Mar- 
cellus shales). 

Its horizon of maximum and characteristic development, how- 
ever, wherever the specialization of the oomponent elements of 
the upper Devonian faunas is more pronounced is below the normal 
horizon of Spiri/er ditjitnclui and above that of Rhynchonella 
ciiboidei. It is a usual member of the Intumescens fauna, but it 
is present ^t this horizon when the goniatite facies is wanting. 
Id the north of France and on the Belgian frontier the "Schistes 
h Cardium palmatum " are assigned the following position by 
Qosselet. 4 

Schistes de Famonne, with Spiri/er ditjitnctut, Rhynchonella 
puynui , Prodactui tubaculeatni; also Sh. cuboidet. 

Sctiistes k Cardium palmatum, with Goniaiites retrornu. 

Schistes k nodules argilo-c&lcaires, with Rh. cuboidet, Alrt/pa 
reticularii, Spiri/er eurygloiiai . 
'Neues Jahrbuch fQr Mln.~lsTa,~p. 33. 

fNot© B^oIoRlque aur lea Terrains da Sabero et de sea environs dans 
les moDtagnea de L^d (Bapagne): Bull. Soc. g6o\. France, 2d aer. lom 

Vll, p. 137, 1850. 

tNote sur le Terrain d6vonlen de la Province de lAoa (Espague); 
Assoc. Franc, pour rAvaocement des Sciences, 1877. 

jAnnalesdes Mines, ser. S, torn xli, p. 595, 1867. 
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In 187S the eame author gave the same order of succeAsion, 
showing that the Schistea a Cardijim palmatvm occupy a distjnct 
horiKMi between the Fraenien, or Cuboides limestone, and the 
FamgonieD or the normal horizon of Spiri/er ditjunettu.* la 
other words, in this section, they occupy the position of the 
Goniatite or Intamescens fauna, and in abaenoe of the latter 
in its fuller development, represent it 

In the Domanik-^cbief er of the Petachora Land, t the Iberger- 
kalk of the Hartz,t the shales of Torbayjj and of Lower Duns- 
combe,! in Devonshire, it is coexistent with the goniatite faciee 
of the lutnmescens fauna. 

On the continent of Europe the faunas of the lower Upper 
DevoDian are variable in fades. In the classical Eifel seo- 
tjon immediately above the niveau of the Slringooephalus lime- 
stone or the middle Devonian, the brachiopod f acies prevails ( the 
Cuboides-schichten ), followed above by the typical Goaiatiten- 
Bchichten, abundant in Qoniatitee Simplices. In the region about 
Aachen the brachiopod or Caboidee facies Is again strongly devel- 
oped and the predomiuance of the brachiopod element is continued 
through the overlying beds, the Vemeuili-schiefer and Vemeuili- 
sandstein of Kayser. Here the cephaloptMl facies is again virtually 
wanting or insigniflcantly developed. In Westphalia, at Bredelar 
in the vicinity of Brilon, and at Adorf, the goniatite beds of the 
middle Devonian are directly overljtid by the goniatite limestone of 
the Intumescens zone. According to Kayser, the upper Devcmi&n of 
this r^ion is divisible into the lower zone ( *' Intumescens " } and 
an upper, which he has termed the "Man6t«ri zone;" and the 
latter is again divisible into the " Cypridinen-schiefer " below and 
the " Clymenien-schichten " above. 

In the Iberg-Winterberg terrain of the Hartz we have a remarii- 
able faunal association ; an unlaminated mai»if contains not only 
the index fossils of the Cuboides and Intumescens zones, but an 
actually predominating number of middle Devonian species ; in 
other words, it appears to be an encroachment upon a middle 
Devonian fauna, of faunas of later date, the facies of which, 
usually differently developed elsewhere, are here still undif- 
ferentiated. 

•BIgby's Thesaurus DevODlco-Carbooiferus, p. 122. 

fKef serllng, Elne Eelse In du Petschoro-Iand, p. 3S4, 1646. 

tClarke, Fauna dea Iberger-kalha ; Neues Jahrb. ISSl, Bell. Bnd. Hi, 



I .y Google 



100 7^ Amarioan Oeologitt, Ausust. issa 

Id the Ural mountains the phenomena are similar in many 
respects to those of the Il>erger-kalk. Tscfaerny schew says ■J*' 
' ■ The strata D^, characterized by the prevalence of limestone^ 
witli some bituminous layers and saadstone, abound in places in 
lirachiopods which distjn^ish the Cufaoides beds of tlie Eifel and 
Belgium ; in some localities, however, there are gonlatitee in (preat 
numbers belonging to the group of tlie Primordialea and other 
forma somewhat common in the goniatite strata of western En- 
rope. In many cases this formation includes a great nnmber of 
forms characteristic of the Ibei^r-kalk, where, according to Kay- 
ser and Clarke both the brachiopod and goniatite fades are rep- 
resented. " 

Without citing further phases of the lower Upper-Devoniaa 
fauna, enough has been given to show that the terms Cnboides- 
zone, Goniatite zone and Intumescens zone are, In a broad sense, 
essentially equal time values and only expressioiis of Tsiyiog- 
phases or tacies of equivalent faunas. 

The Intumescens zone in its best development, perhaps in West- 
phalia, is a horizon of limestones, it is therefore a noteworthy - 
fact that there should exist so great a similarity In composition 
tietwecn the limestone fauna of Mortenberg (Adorf ) and that of 
the Bhaly and sandy sediments of western New York. 

The Tully limestone of New York -has been long regarded,, 
especially by European writers, as the equivalent of the Cnboidea 
fauna of the lower Upper Devonian. It is usual to find through- 
out European literature, in discussions upon the comparative value 
of these faunas and in comparative lists of species, this TuUy 
limestone referred to the base of the Upper Devonian. Tbe- 
writcr has himself thus referred to it on several occasions, f This 
is not the position in the geolf^ical scale to which it has beea 
assigned by professors Hall, Dana and the American ge<^<^ista 
generally. This limestone is the American horizon of Rhgn- 
chonella cuhoidet (as identified by Conrad in 1842, R. oenutfuZa 
Hall, 1867 ), but this species ia the sole distinctive representatJve- 
of the Cnboides fauna in a fauna otherwise essentially of middle- 
Devonian age. The case is not parallel to that of the Iberg 
limestone fauna ; in the latt«r the middle Devonian element, 

•Die Fauna dea loUtlcren und oberen Dgvod am Waat-abbange dea 
L'rals, p. 10, 1887, 

fDie Fauna des Ibergor-kalkes, p. 385. Forty-second Add. Kept. 
N- Y. State Museum, p. 403, mao. See also Palxoutology of New 
York, vol. vil. p. 13. 
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though preponderatiiig in actual namber of species, is a far less 
percentage of the index foeails of the middle Devonian than the 
upper Devonian species there are of typical upper Devonian 
faanaa. Until quite recently no very detailed study of the TuUy 
fauna had been made, but in a late paper it has been discassed at 
some length by Mr. H. S. Williams of Ithaca.* Mr. Williams 
has adduced considerable new data without however elucidating 
the character of the entire fauna as known to-day. Conoeding 
the well-known fact tliat the great majority of the species are those 
-of the preceding fauna of the Hamilton shales, the author says : 
*< The fauna of the TuUy limestone is made up of two groups of 
species, first those, having closely' allied forms In the immediately 
preceding middle Devonian formations ; second, those having 
closer affinity with European forms than with any species occnr- 
ing in the lower formation of America." '< In the Tully limestone 
the latter class are few." Of this smaller group the following 
fossils have suggested to this author points of comparison with 
species of the Ouboides fauna : 

OrtkU tuUienaii Ball. 

This Schizophoria is represented in the middle Devonian 
throughout Europe by the well known 0. *irititula and some 
allies. It also occurs in the Cuboides fauna of the Eifel and fre- 
<iuently in the Intumescens zone. In America the type of struc- 
ture exemplified by this species dates as far back as the middle 
Upper Silurian and becomes more or less abundant throughout the 
Devonian, but this species itself, as Mr. Williams has very ac- 
curately said, has a stability of form which is not manifested by 
its successors 0. impresta, 0. iotoentit, O. mac/ar^inu; a feature 
in which it agrees with the earlier Devonian, 0. propinqtca, of the 
(lomiferous limestone. It would puzzle an expert student to 
point out difllerences of even varietal value between the Cornifer- 
OU3 and TuUy form3,and a palieontologist better familiar with the 
European than with the American Devonian would certainly refer 
without hesitation both to 0. ilriatufa. In the Hamilton fauna of 
New York, 0. Tullieniit is not known to occur, but in the cement 
beds about Milwaukee it appears in association with a strongly 
emphasized Hamilton fauna. This fauna has been described by 
Mr. R. P. Whitfieldt though the species in question has been 
referred by him to 0. impreua. 

*The Cuboides Zone and Its Fauna ; A discussion of luetbods ot corre- 
lation. Ball. Geol. Soc. Amer. Vol. I, pp. 481-500, pis. 11-13. isno, 
tOeolf^y o( Wisconsin, vol. Iv, p. 334 etKfi. 
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Wisconsin ia one of the areas where the life of 0. propinqua- 
tullieruif iras coutiDued into aMociatioii with a typical Hamiltoa 
funna. There Rhynchontlla oihoides-venuitula is absent, but the 
reappearance of 0. pTopinquo'tulliennt in the Tully limestoae is 
quite as likely due to its return eastward as to an immigration from 
the east We do not follow Mr. Williams in the statement that 
" Its appearance io the following zone in New York, i. e., the 
Ithaca formation and the High Point fanna in Ontario county, 
suggests that the fauna to which it belongs is more directly asao- 
ciat«d with what follows than with the New York Hamilton fauna " 
(p. 492). Jbe Higb Point species is not a Schizopkoria of this 
rigid specific type but is susceptible to very considerable variation 
and is more nearly like the form described by Meek as 0. Mac- 
farlanii. Moreover neither the Ithaca formation nor the High 
Point fauna constitutes the zone next following the Tullj lime- 
stone in New York. 

StTophodonta perplana Conrad (sp.) var, tutlieniti Williams. 

The author makes an evidently good separation of a small form . 
of this species wiUk mucronate cardinal extremities, bat the cor- 
relative importance given to the variation is far overwrought He 
says (p. 493): '<The second species, S. perplana var. lullimtii, 
is a mutation (»ic) of the race which b^ns in Strophomena alter- 
nata in the Trenton stage. " Undoubtedly Strophomma <Ulernala 
is a representative of the stock from which the strophodontoid 
line emanated, but the "race" did certainly not have its ban- 
ning in Uils Trenton species.* Attention is called to the fact that 
at the liase of the Devonian the ' ' race , ' ' referred to develops into 
two "races" (p. 493), one a t^in flat form, typified by S. perplana 
Conrad, which is said to be "an American type and is seen with 
variations all through our Devonian, but it is not described in the 
European Devonian. " Nevertheless the type is well known in the 
European Devonian and is represented by Strophomena explanata 
Sowerby, as ideotified by Kayser who states that it is known to 
him from all horizons of the Rhenish lower Devonian and is no- 
where especially rare.t 

The ^ther "race," which is really the normal line of titropho- 
dontoid development, maintains the convexo-concave contour. 
"This is the Orthii inttrttrialU Phillips, of the European Devo- 
nian and Strophomena ineequUtruila Conrad, of the New York 

'LefAana incraetaUi and L. fiiacUita Hall, of the Chazy llmestooes are 
species congeneric with Scrophmnenji iiUematn. 

fDle Fauna des Hsupt^uartzlts, p. 102, 188S. 
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Hamilton. The inUritrialii rac« ia rect^ized in onr Chemung 
Strophodonia eayuta and in the upper and middle DCTOnian of 
Europe and the east in Strophomena duterlrii a.nd S. aielli." It is, 
however, a fact that i^. ineeguiitriala, S. eayuta and S. dvtertrii 
represent a subordinate type of structure which has lieea desig- 
nated by QGfalert with the term Douvillina. Whether S. inter- 
ttrialU and S. aielli belong to the same group we have no definite 
evidence. It is further stated that in the European "race" (re- 
ferring to the coDvezo-ooncave stxophodontoids,} the terminations 
of the hinge develop into slender, mucronate points ; that in the 
American "race" (the flat group?) "these mucronate points firit 
appear in the Tully limestone forms and are characteristic of the 
race afterward till it ceases. The representatives of this (mucro- 
nate) type of Strophtymena are common in Europe throughout the 
Devonian, going under the specific names intertiriali*, aielli and 
dutertrii, and the conspicnons development of the mucronate 
points did not appear till about the stage of tlie appearance of 
Rkgnehonella cuboidei." This argument is not a forcible cme ; it 
is weakened, in the first place, by being based on distinct subor- 
dinate types of generic structure, and further, we might cite 
Strophodonta junia Hal!, of the Hamilton group as an example of 
a species which frequently shows mucronate cardinal extremities, 
and to go back to the inceptive forma of the strophodontoid type, 
S. leda Billings, has these extremities strikingly developed, and 
this is a form which differs no more widely from S. demiiia, the 
^pe of the genus Strophodonta than do the subordinate types of 
S. perplana and S. dutertrii. The species Strophomena annata 
and S. ttephani Barrande, from the etage F., are strophodontoids 
witbe xtended cardinal angles. * 

It is upon these two forms, Orthit tallientit and Strophodonta 
perplana, var, tullienne, togetlier with Rhgnckonella ciiboidei- 
tenuttula, that the correlation of the Tully with the Cuboides 
zone is based. One other direct comparison is instituted between 
the Tully and the Cuboides species. In reference to Bronteut 
tulliu* Hall, it is said that it "is closely allied to a form of the 
European Cuboides zone (fi. Jlabelfi/er QoldT)." But B, TuUius 
belongs to the subgenue Thi/tanopeltu (with spinous pjgidial 
mai^a) and B. ftahtUlfer does not 

It does not appear that there is much reason for regarding the 
correspondence of the C uboides fauna and that of the Tully as 
greatly fortified by this evidence. The bond between the two is 
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andonbtedly what it has long been knowa to be, viz. : the ooexi»- 
teoue of Rhynchonetla cuhoidn. The accuracy ot regarding the 
Tully as the time-equiTalent of the Guboidea fanna, even thongh 
it were by virtue of thia fact alone is, of course, beyond contra- 
veatioQ. 

Another aigniflcant feature iu the ooirelation of the New York 
IntumeaceuB fauna is the abundance of certain species of conifer- 
ous woods. These are of much more frequent occurrence iu the 
first appearaace of the fauna, than in its reappearance, one species, 
described by Sir William Dawson as Dadoxi/lon elarkii, being very 
common and occasionally appearing in the Naples beds above. Sir 
William has also identified the species D. newherryi Dawson, and 
Cladoxylon tnirabtfe linger, fromfithe Styliola layer. The last of 
these species was described from the Cypridinen-schivfer (Entomi- 
dcD-schiefcr, T. R. Jones) of the Thuringian Forest (Saatfeld)* 
and identified by Dawson in 1882. f In a recent paper! on these 
fossil woods Sir William says in regard to the species D. (Cor- 
diiioxyhn) elarkii (p. 243); " I may now add that the species is 
very near to ^r«uc«r»(e» aiiye" of Gheppert, from the Cypridinla 
shales of Thuringia. This species appears to be the same with 
that originally descrilied by Unger as Aporox^lon primigenium. 
The original description and figures of Unger did not permit an 
exact comparison, but as now figured by Stenzel in his revision of 
G<Bppert's species, it approaches so near to D. c/aj-ii't as to suggest 
the suspicion that it may be the same or a ver>' closely allied 
species." 

In the same paper professor Pen hallow discusses at some length 
finely preserved specimens of Knlymmn gmndit Unger (the 
driginal also from the Cyprindinen-schiefer at Saalfeld), from the 
Black Shale of Moreland, Kentucky, a horizon which, though 
little studied, will probably prove equivalent to that of the Styli- 
ola layer, i 

These woods introduce an interesting element into the association 
of fossils of the Intumescens zone, seeming to indicate a more 
rapid migration of the terrestrial flora which cbamcterized the 
~~»H('itr. zur Paiuontoiogie dus Tharitiger Waldes, ZweltorTheil, p. 'J3, 
pi. xli, Hgs. 6, T. 1B56. 

tb'ossil Plant.4 of the Erian and Silurian or Canada, pt. il, p. 130. <SS3. 

iXot«)i on Specimens of Fossil Wood from the Erian (Devonian) of New 
York and KenUicky, by SEr William Dawson and Prof. D. P. Penhallow; 
Canadian Record of Science, vol. iv, January, 18'Jl. 

JUr. C. E. Beecher, who collected the specimens of Tmlt/ntmiH grandts 
erred to, informs the writer that OonUilite'i Intamanxng occurs in the 
same rocks. 
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middle Upper Dercmian of Europe, than of its marine fauns. 
Nevertheless, it may be observed Uiat ttie fauDa contains an nn- 
descrtbed species of Goniatites not far from G. muentttri and an 
Entomii allied to E. (Cypridina) ttrratottriutn,, both of which 
characterize the upper zones of the Devonian in Westphalia. 

In conclusion it may be said that we have in the Upper Devonian 
of western New York, at the base, in the Tally limestone, a 
sparsely represented time-equivalent of the Cuboides zone ( brach- 
iopod facies); this Is followed by an abaudaat development of a 
normal Intumescens fauna, involved in shales which bear to a 
greater or less extent a fauna of a local or indigenous character. 
This Intumescens fauna or cephalopod facies of the lower Upper 
Devonian, includes certain elements at a maximum development 
< Cardiola rtirottriata, coniferous woods) which in the European 
succession, frequently occupy distinct horizons below and above 
the normal horizon of the Intumescens zone. 



ON A PECULIAR FORM OF METALLIC IRON FOUND 

IN HURONIAN QUARTZITE, ON THE NORTH 

SHORE OF ST. JOSEPH ISLAND, LAKE 

HURON, ONTARIO.* 



In the course of examining some surface specimens of quartz- 
ite* from the north ahorc^fifth concession, back of Campement 
d'Onrs — of St Joseph Island, it was observed that certain faces, 
apparently fissure surfaces, of the same, were coated with a thin 
deposit of dark reddish-brown limonite thiough which was dissem- 
inated numerous metallic looking spherules, thereby imparting to 
it an oolitic structure. In the specimen which best showed its 
mode of occurrence, this deposit formed a layer, on one face, of 
from one to one and a-halt millimetre in thickuess, and this, judg- 
ing from the appearance of the exposed surface of the same, 
which showed indications of having been a contact surface, may 
perhaps be fairlj' assumed to represent the diameter of the origi- 
nal fissure. Running parallel to a'nd in direct communication 
with the latter was a gouge-shaped groove measuring where it 

'From the Transactions of the Royal Society of Canada, vol. vlll, 18!ll. 
'A grerlsb, in parts greenish and brownish coloureii qiiartzitp, with 
here and there an Inclusion □( white vitreous ijuartz, and red and black- 
ish or brownish blacii jasper. 
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opened into the fissure, its widest part, five miUimetres across, 
and having a varj'ing depth of from five to six millimetrea. 
This groove, retaining these dimeniiona, extended right across the 
face of the specimen, which face, in this direction, measured four 
centimetres. There was nothing to indicate what the probable 
length of this groove may have' been, as it occurred in the rock, 
in situ, or whether it occupied a vertical, horizontal, or intermedi- 
ate position, although conjecture might perhaps, in this particu- 
lar instance, favour the former view. It was closely packed with 
material of precisely the same choract^ as that contained in the 
fissure, the material of the, one forming on aninterruptAd oonnec- 
tioQ with and, as it were, extension of, that of the other, so that 
we may indifferently regard the material in the flaanre as an over- 
flow from the groove, or that in the latter, more especially if this 
merely represented an elongated cavity, aa a filling in from the 
former. 

No metallic grains or matter likely to have resnlted from the al- 
teration of the same, or mineral from which the iron could possi- 
bly have been derived, was observable in any other port of the 
specimens examined. 

The material which, as already remarked, had an oolitic struct- 
ure, was dense in texture and firmly adherent to the face of the 
quartz. It was found to be made op of: 

Metallic grains G8.SS 

Llmonlle 39.73 

Siliceous matter IA2 

100.00 
The siliceous matter consisted of angular particles of quartz which 
had evidently been chipped off with, and remained attached to the 
material when removing it from the rock. 

The metallic grains varied greatly iu size, the largest not ex- 
ceeding thirty-seven hundredths of a millimetre in diameter, 
whilst many, perhaps the greater number, were of far smaller di- 
mensions, and others were of microscopic minuteness. Although 
diverse in form yet all were rounded and, for the most part, more 
or lees spherical in shape. They were strongly attracted by the 
magnet and after separation by its aid from the associated non- 
metallic matter, aggregated themselves into loose bunchy masses 
or formed trains. Brittle — in the procera of pulverization 
emitted a faint yet distinct phosphorretted odour. Colour of 
freshly fractured surface of metal, stoel-grey. When immersed 
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in a solution of cupric sulpbate the grains became immediately 
coated with a film of metallic ct^per. They were readily at- 
tacked by tiydrochloric acid with evolution of hydr<^n poaseaaing 
a marked odour of phoaphine, the latter, however, gradually 
passed off as digestion proceeded, when a peculiar fetid smell sim- 
ilar to that which characterizes hydrc^n evolved from wrought 
iron or impure zinc, was observable. Hydrochloric acid did not 
effect complete solution — the undissolved material still presenting 
a metallic aspect ; a further treatment with nitric acid, however, 
amoved the remaining metallic matter, leaving a granular, nucle- 
iforiD, non-metallic, insoluble residua 

The metaUic spherules were fonnd to have a specific gravity, at 
15.5* C, of 6.8612, and a composition, as follows : 

Iron 88.00 

Manganese 0.51 

Nickel 0.10 

Cobalt 0.21 

Copper. 0, 09 

Sulphur o.ia 

Phosphorus 0,96 

Carbon ? 

Organic matter undet. 

Insoluble, non-metaElIc, residue O.TS 

99.TS 

The insoluble residue consisted of spherical, ovoid, etc., shaped 
grains which were more or less coated with a yellowish-brown, ap- 
parently humus-like, substance. When broken, these spherules 
were seen to have a concentric structure, apparently of a concre- 
tionary character. On ignition the oi^^ic matter readily burnt 
off, leaving them snow-white. The ignited spherules were found 
to be exceedingly hygroscopic, so much so, that in the short space 
of time occupied in their transference from one container to an- 
other, they absorbed not less than 0. 775 per cent of water. 
An analysis of this residue gave the following results : 

Silica 9. 17 

Alumina.. 0.11 

Ferric oxide 0.10 

Ltme 0.00 

Magnesia 0.03 

Loss ?' 0.29 
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Hence, the centesimal composition — of tlie metallic portion of 
the spherules, wonld be : 

Iron 97,79 

MftDganese 0.57 

Nickel 0.11 

Cobalt 0.23 

Copper 0.10 

Sulphur O.lS 

Phosphorus 1,07 

Carbon ? 

100.00 

and that of the insoluble, non-metallic, residue ; 

Silica 93.99 

Alumina 1.13 

Ferric oxide 1.03 

Lime 0.62 

Magnesia 0.31 

Loss?' S.«7 

100.00 
The limonite did not contain any, so to say, denuded nuclei, so 
that supposing it to have resulted from the weathering of the me- 
tallic spherules, the change had in no instance proceeded so far 
as to effect the removal of the whole of the metallic coveriug. 
Some of the nuclei were of microscopic minuteness, hence it 
may be inferred that even the smallest of the metallic spherules 
contained a siliceous nucleus. The limonite gave no reaction for 
chlorine. 

From what has preceded it will be seen that the metallic look- 
ing spherules which were disseminated through the limonite, con- 
sisted of nuclei of silica coated with a humus-like substance which 
in turn, was overlain by a metallic layer, the latter containing all 
the elements most frequently met with in meteoric iron. The 
amount of phosphorus is relatively large, that of the nickel, how- 
ever, very small, consequently if it be regarded as present in the 
form of any of the varieties of nickel-iron or schreibersite, it 
would represent but comparatively tri&ing amounts of either of 
these bodies. 

Owing to the fact that all meteoric iron contains nickel, the 
presence of that element in a native iron has generally been re- 
garded as evidence of its extra- terrestrial origin and for this rea- 
son the irons of Chotzen and Petropaulwosk although sometimes 

■The analysis was conducted upon a very SBiall amount o! material — 
tbe silica may, not Improbably, be a little too low. 



I .y Google 



, Google 



Amertcan OeologAsL 



, Google 



peculiar Jihr^ of MataUic Iron. — Hoffman. 109 

tnentioned in oooaection with those of accepted tellaric origin* 
are, in oonsideration of their having been shown to be nickelifer- 
oos, referrad to by some aathoritieB as most probably of Dteteoric 
origin. It will be remembered, however, that the native iron of 
Ovifak, Diaco Bay, Oreenland, which was at first regarded by the 
discoverer, Nordenskiold, and others as metecudc iron, also con- 
tains a certain amount of nickel, yet the observationB of Steen- 
Btrup, TtMnebohm and Smith, make it very certain that the iron is 
not meteoric but of terrestrial origin, in which case the presence 
of nickel in an iron would not have the same aigniflcance as it was 
f(»merly supposed to have. 

Assuming, therefore, that the trifling amount of nickel present 
Id this iron would not necessarily imply a cosmic origin, the rela- 
tively lai^ amount of phosphorus accompanying the nickel, the 
presence of o^anic matter* and the fact of the spherules contain- 
ing nuclei, apparently of a concretionary character, would suggest 
the possibility of this iron having a terrestrial source, upon the 
assumj>tion that it has resulted from the reduction of an iron-salt 
by organic matter, in which case it would have a community of 
origin with the sideroferrite' of Bahr. 

I am indebted to my friend Dr. A. P. Coleman for the skill- 
fully executed water-colour sketches from which the accompany- 
ing plate has l?een prepared. These will serve to convey a far 
more accurate idea of the material under consideration than any 
mere verbal description of the same possibly could. 

EXPLANATION OF PLATE. 

Fig. 1. Shows mode of occurrence of the material in the rock — 
Natural size. 

Fig 2. Illustrates two of the most prominent forms of the me- 
tallic spherules^Magnifled 85 diameters. 

'Such as the Iron loand b; Andrews In basaltic rocks from the 
Giant's Cauaewar, and that found by Moasler In lava from Graveneire 
In AuvergDO. 

'The presence of organic matter of the nature (humus-like) of thai 
heie referred to would not appear to be Inconslsteat with an extra-ter- 
restrial origin. The meteorite of Alals contained a carbonaceous mat- 
ter which Berzelius considered might not Improbably be humus. WOh- 
ler found the carbonaceous matter of the Kold-Boke veldt and Kaba 
meteorites to coasfst of a mixture of amorphous carbon and bituminous 
matters, described as not unlike Scheererlte or Ozocerite. Cloez again, 
found the carbonaceous matter of the Orguel! moLeorito to resemble, 
both in appearance and composition, certain humus substances. 

'A native iron found by Bahr, In the form of grains, thin laminae 
and powder, In a fragment o! minerollzed wood — resembling bog-iron- 
ore In appearance — from a floating Island In the Ranlanger Lake in 
Smaland, Sweden. 
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Fig. 3. Shows diversity of form of the metallic apherules and 
dispoaitdon of these to form traim — Hsgnifled 25 diameters. 

Fig. 4. Exhibits form and structure of the siliceous nuclei (the 
largest of these having been selected) — Magnified 2& diameters. 



EDITOEIAL COMMENT. 



The Crehitic Hvi-HOTBEaia. 

It must be highly gratifying to the author of this work* that 
after so short an interval as four years, he is called to issue a 
second edition, for It deals with some of the most advanced prob- 
lems of chemical and speculative geology, and is in demand only 
by those working geologists whose labor is in the Archean rocks. 

The most important part of this volume is that which treats of 
the origin and genetic history of the crystalline rocks, occupying 
chapters V and VI. From his long- continued chemical and mine- 
Tal(^cal studies in the geognosy of the crystalline rocks Dr. Hunt 
derived the " Crenitic hypothesis" of their origin. He shows that 
none of the hypotlieses that had been proposed fully satisfied the 
conditions of the problem of their origin. 

There are six theories which he rejects. (1.) That which he 
styles endoptutonic and which Hupposes the crystalline rocks to 
have been formed from the mass of the primeval globe as it con- 
gealed from igneous fusion, he shows, as remarked by Naumann, re- 
quires a progressiva consolidation from the surface downward. 
This order is the reverse of that which has been established for the 
normal succession in the growth of the crystalline rocks. In many 
parts of the world observers concur in the statement that these 
rocks are newer in ascending order, and gradually assume, through 
the so-called transition atrata, the phyaical characters of the un- 
crystalline and sedimentary rocks. 

(2.) The exoplutonic theory conceives the crystalline strati- 
form rocks to have been formed from volcanic ejectamenta from 
beneath the sopei^cial crust of the earth. This includes, besides 
lavas and pyroclastic rocks, the ordinary products of volcanoes, 
according to some of its adherents, also hydrated serpentinic and 

*Jtftnemt Bhyglolofn/ and Phygk/graphy ; a second gerUt of Chemitxtl 
and QeoU/gical Bgsaya, T. Btbrbt Hunt. Second Edition, w-lth new 
preface. Octavo, TIO pp.. Scientific FubllBbingCompanr, New York, IBBl. 
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feldspathic magmas, and even quartz, magneUte, limestone, rock- 
aalt, anhydrito and some clays and Hands. To this be states there 
is no evidence ia the lithologlcal character of these rocks of their 
volcanic ori^n. And that the universality of their distributloD 
and onity of characters, aa well as the thoroughly crj'stalliDe 
character of the gneisa, are incompatible with this idea. 

(3.) The metamorpAic hypothesis would derive the primitive 
strata from the consolidation and the recrystallization of detrital 
plutonic rocks, or at least from rocks derived from the destruction 
of other older rocks, the debris from which had been laid 
down in the bottom of the sea as sediments. The enonnoos thick- 
ness of the primitive strata, at least 30,000 feet, and thdr world- 
wide extent renders it inooncdvable that any older lands could 
have existed capable of furnishing this amount of material by any 
such process. Again the crystalline condition of the gneiss is so 
perfect that it bears slight resemblance to any rock known to have 
been formed by snch consolidation from sediments; and all 
examples of repnt«d metamorpbic rocks like those of the primitive 
strata, of secondary or tertiary age, have, on careful examination, 
been found to be baaed on wrong observation. 

( 4. ) The mettuoTnotie hypothesis postulates the formation of vast 
deposits of limestone and their subsequent conversion into gneisses 
and schists by slow chemical replacement This has for its basis 
the occasional observed association of some silicates with calclte 
and their snbstitution for it The author regards this hypothesis 
as a gratuitous one, and says that it "would make as great a de- 
mand on our credulity as the metamorpbic hypothesis itself. " 

(5.) The ckaotie hypothesis, of Werner, which supposes that 
all the materials of the crystalline rocks were originally dissolvedin 
a primeval sea, and were successively deposited in crystalline form 
from it, meets with insurmountable chemical difficulties, the chief 
of which is the inconceivableness of any conditions by which all 
these elements could have been held in solution by the ocean at 
any one time. This idea, successfully urged by Flayfair and bis 
followers, '■contributed to the discredit which fell upon the Wer- 
nerian hypothesis, " 

(6.) The theory of Daubr^, the thermo-ehaotie hypothesis, 
requires that the first oceanic waters be hot, and thus able to er- 
erta powerful solvent action upon the previously formed plutonic 
rocks of the primitive crust, transforming them into the present 
crystalline staratiform rocks. These waters were condensed upon 



I .y Google 



112 Hie American Geologist. Aamst, ib8i 

the primeval aariace under a presBure estimated to be eqoal to 2IH> 
atmoepberes, coiTespon<iiiig to a temperature near that of redneea. 
This procesB Hunt r^;ards as prior to that in which the actual 
crystalline rocks were formed, their mineralogical characteia and 
asBociations being incompatible with the elevated temperature sup- 
posed. This early histor}' was but a preparation for the generation 
of the crytalline schists, whose temperatures must have been such 
as to allow the existence of oi^nic forms, evinced by Eoxoon, by 
limestones, qnartzytes, carbon, etc. 

These difficulties show that no previous hypothesis meets all the 
conditions. The author therefore proposes the Crenitic SypotluiU. 

In the author's mind this hypothesis has been a gradual growtii, 
its various stages of advance being recorded in his successive pub- 
lished papers, since 1858. It << conceives the crystalline rocks to 
have been derived, directly or indirectly, by solution from a primary 
stratum of basic rock, the last congealed and superficial portion of 
the cooling globe, through the intervention of circulating subter- 
ranean waters, b}' which the mineral elements were brought to tlie 
surface. • • » Tjjg cooling of the surface of the 
earth by radiation, and the heating from below, wonld establish 
in the disintegrated, porous and unstratified maas of the primary 
[basic] layer, a system of aqueous circulation, by which the waters 
pteuetrating this permeable layer would be returned again to the. 
surface as thermal springs charged with various matters, there to 
be deposited. The result of this process of upward lixiviation of 
the mass would be the gradual separation of the primary, undiffer- 
entiated layer into an upper stratum, consisting chiefly of acidic 
silicates, such as feldspars with quartz, and a lower, more basic 
and insoluble residua! stratum charged with iron oxide and mag- 
nesia, the two representing respectively the overlying granitic and 
the underlying layers, the presence of which beneath the earth's 
surface has generally been inferred from exoplutonic phenomena. " 

The fundamental fact of this hypothesis is the formation, by 
aqueous secretion, of zeolitic minerals in the cavities of basic 
eruptive rocks. This is pursued in its ramifications and modifi- 
cations until it is found that orthoctase, quartz, albito, amphibole, 
garnet, epidote, magnetite, hematite, native copper, native silver, 
and in fact nearly alt the minerals that are found in the gneisses 
or in schists, and many others, are explainable by aqueous secre- 
tion from basic plutonic rocks. 

The argument is pushed to its conclusion with a wealth of il- 
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lustrations and a redundance of eliemical interpretations which 
liave made Dr. Hunt's writings unique in American geological 
literature. Among other facte he quotes the remarkable <lisoorerj 
of Murray and R^uanl, viz : that a decomposition of volcanic 
detrital material goes on at low temperatures in ttie depths of the 
ocean, transforming basic silicates, represented bj volcanic glasses, 
such as hyalomelane and tachylite, into a crj-stalltne zeolite on the 
one hand, and the characteristic red clay of deep-sea deposits on 
the other. This goes on at a temperature approximating zero, 
centigrade. 

As a theory the "Crenitic hypothesis" is well set on its 
1^^ It has to undei^o yet the Are of innumerable criticisms 
and the oounteracting effect that may come from a more perfect 
knowledge of Archean stratigraphy itself than is evinced by the 
author. There is great diversity in the Archean rocks, and yet a 
grand progression in their general lithologic aspects. A stumbling- 
block which the theory will encounter at once is its "sweeping" 
scope. The Archean rocks are all subjected to ite single operation. 
That has been the trouble with all former hypothesis. They have 
been based on partial evidence. All these iDcka have been thrown to- 
gether in a lot, and if a part of them have been found explainable 
by any observed process, that has furnished foundation to explain 
them all. It will meet with another obstacle in the fundamental 
assumption that the supposed crenitic circulation of water in early 
Archean time would in the first instance, bring siliceous elements 
in solution to the surface, and would reject the basic elements. In 
the scale of solubility silica ranks very low among the natural 
minerals, and it is qnestionabte whether natural waters would pre- 
vailingly take it into solution to the neglect of the others. Would 
not the order be the reverse from that supposed ? Would not the 
natural effect be the rejection, as a whole, of the more insoluble 
siliceous elements, and the removal of the basic by solution ? Is 
it not after water has first become chatged with alkalinic or other 
flolvCTta that it attacks silica and carries it in solution ? Is it not 
true that the characteristic elements of tlie supposed residual 
Stratum, (iron-oxide and magnesia) are themselves more soluble 
than the characteristic elements of the supposed crenitic stratum 
and hence that they would be brought sooner to the surfnue ? 

The hypothesis starts out with a statement of what appear to 
be contradictory postulates, viz: First, the primitive basic stratum 
is said to be < 'the last congealed and superficial portion of a cooling 
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globe," leaving na to suppose tbat the lower portions were cooled 
and congealed earlier, yet the circuUtion of the crenitic water is 
instituted and maintained by the ' ' woling of the surface by radia- 
tion and the heating from below." 

The "greenstones" form the uppermost member of the pre- 
Taconic crystalline rocks. They are characterized by their re- 
semblance to the supposed "residual stratum," i. e., theycont^o 
in abundance the "insoluble oxide of iron and mt^eda." The 
autiior supposes, in partial acc(»dance with the latest deductions, 
that these rocks are the result, first, of exopIntoniceztraTasation, 
and second, of the chemical deposition of magnesian silicates froin 
solution derived from the action of waters on this extruded mate- 
rial. There is here apparently another anomalous supposition in- 
troduced, in that the action of the surface waters on this basic 
matter removed the time and magnesia which are said to pass in 
solution into the sea, leaving of course the siliceous elements 
undisturbed or at least not carrying tliem into the sea. Yet this 
basic matter is said to have been derived from tlie supposed "res- 
idual stratum " and must hence have been not very much unlike 
the basic primitive stratum on which the crenitic waters are sup- 
posed to have acted with a result almost the reverse. 

The author takes but littie account of the grand physical stroc- 
tures of the Archean i-ocks, such as bedding, dip, compression, 
shearing, schistosity, and the various more minute features which 
are generally considered as indices of a long physical history and 
of the agency of mechanical forces in bringing these rocks into 
their present conditions. The idea of metamorphism from a 
atrati6ed sedimentary origin is specially denied. The results of 
late microscopic research into the intimate structures are passed 
by in silence. 

These are some of the obvious difficulties which arise in the 
mind of the reader who attempts to digest the argument, and are 
not supposed to be insurmountable objections to the hypothesis — 
though sometimes hypotheses have been cast aside as worthless on 
no stronger evidence of inconsistency. 



EEVIEW OF EEOENT GEOLOGICAL 
LITEBATUEE, 

On IM Nickel and Copper DepotWi of Sxtdlmri/, Ontario. By Alfbbd 
E. Bablow, M. a. (o( the Geological Survey Dopt.) Thig timely paper, 
which appears In the Juoe Dumber of the Ottawa Naturallat, deals In 
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S«nerftl wlih th« discovery, geological relations, mode of occurrence. &Dd 
composition of the nickel And copper ores la the Districts of Algoma knd 
NIplssing, together with tbelr prellmlnarr meUtllurglckl treatment as 
carried on In this district. The discovery of nickel In Canada dates 
back to IMS, when Its existence In workable quantities at the Wallace 
Mine, on lake Huron, was made known. In IS.ie, Dr. T. Sterry Hunt In 
his analysis of some trap collected by Mr. Alex Murray of the Geological 
Survey from the northwestern corner of the township of Waters, showed 
that small quantities of nickel and copper were present. These deposits 
are composed of very Intimately mixed chalcopyrlte and nickellferous 
pyrrhotlte. The detection at some of the openings of polydymlte, a fer- 
riferous sulphide of nickel, as well as a tew undoubted crystals of mll- 
terlte seems to Justify the assumption that In the more highly nickel- 
lferous deposits, at least, the nickel Is also present as a sulphide dissem- 
inated through the ore mass like the Iron and copper. These sulphides 
may be said to occur In three distinct ways : 

1st, as contact deposits of pyrrhotlte and chalcopyrite situated be- 
tween the clastic rocks, soch as felsltes quarttltes. etc., and intrusive 
diabase or gabbro, or between these latter and granite or mlcropeg- 

3d, as Impregnations of these minerals through the diabase or gabbro 
which are sometimes so rich and considerable as to form workable 
deposits. These sulphides are In no case present as disseminations 
through the clastic rocks very distant from the diabase or gabbro which 
seems clear evidence that they have been brought up by the latter. 

3d, as segregated veins which may have been filled subsequently to 
the Intrusion which brought np the more massive deposits. These veins 
are not very common although certain portions of the more massive de- 
posits may have been dissolved out and re-deposlted along certain faults 
and Assures. 

Assays made tor the Canadian Copper Co., by Mr. F. L. Sperry, the 
chemist, show a range In the percentage of nickel from 1.12 per cent, to 
4.31 per cent, with an average of 2.33 per cent., while the copper varied 
from 4.03 per cent, to 9.9S per cent, with an average of 6.44 per cent. 
Mr. Hoffmann, of the Geological Survey, assayed four samples which 
showed the nickel contents to vary from 1.95 per cent, to 3.10 per cent, 
with an average of 3.S5 per cent. The metsllurglcal treatment com- 
mences at the roast where the ore Is piled In rectangular heaps on pre- 
viously laid cord wood and roasted for so to TO days and when thoroughly 
done should contain about T or 8 per cent, of sulphur. It Is then smelted 
In a very perfect water-Jackeled furnace, the resulting product or 
'matte" containing about 37 per cent, copper and 14 per cent, nickel. 
This is then packed In barrels and shipped to the various refineries of 
the United States or Europe according to their respective bids. 

The paper in question is the best report we have seen as yet upon the 
Sudbury region, and no one interested In the geological and mineraiogi- 
cal problem Involved, as well as the metallurgical points with which It 
deals, can be without It. 

On the Sequence of Straw forming the Quebec Oronp of Logan and 
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BUtlngs, ifUh Teirvirki on (he FoMil Renutlnt found ttiereliu By Henby 
M. Ami, M, a., F.G.S,. etc., of the G«oIobIc»I Survey o( Canada. 

The above la the lltle of a paper comniunlcated to the Royal Society 
of Canada by Dr. G. M. Dawson at Its meetlDg In Montreal last May. 
The paper dealt with the geological tacts and grounds upon which the 
Quebec group rested and made it a necessary term in the geological 
sequence of strata In North America, but especially in the Province of 
Quebec. 

The separation ot the various formations constituting this natural 
group based upon faunal as well as on other physical relations, pointed 
clearly to the existence of such a series of highly fossllferous sediment- 
ary strata as that which Sir William I^ogan had rocogiilzed and Mr. Bil- 
lings so clearly demonstrated early In the sixties. 

The removal of the so-called Hudson River blackgraptolltic shales, etc., 
such as are met at Quebec City, on the island of Orleans, along the 
Marsouin river, and other places in the Province of Quebec, and at Nor- 
mans Kiln In New York state, Id Penobscot Co., Maine, etc., from the 
upper-most position In the Ordovlclan system l.e.,lmmedlately above the 
Utica formation, or Just below the base of the Silurian (Upper Silurian) 
system was absolutely necessary In the light of facts, whether palieon- 
tological, stratlgraphical or ot other physical reasons. 

The characteristics of this series of rocks when studied In the field aa 
well as In closer detail, point clearly to Its Intimate relation and asso- 
ciation with the L^vls formation ot Sir William LoKan's Quebec group. 
The LAvIs formation and the Quebec formation along with the Slllery, 
form a group ot three tormatlons which are capable of being subdivided 
In many Instances Into smaller zones and subdivisions, but all ot whlctt 
were deposlbtd nnder similar conditions at a period forming the lower 
half of the Cambro-Sllnrlan or Ordovlclan period In geology, "it will 
thus appear that the rocks constituting the Quebec formation (which 
term has been used to designate the hitherto so-called Hudson River 
graptolitic shales, having been adopted by Prof. Walcott and other 
American geologist,) form part and parcel of the Quebec group of Sir 
William Logan and fall naturally as a division ot that group. 

The Intimate relations stratlgraphical, palraooLological and physical 
which exist between these three terranes are very evident, and the paper 
goes on to deal with the faunas entombed in each. Extreme care haa 
been taken to base all deduction, whether palfflontologlcal or otherwise, 
on facts, and whether the species of fossils found and noted occur En aittt 
or not, In loose bowlders scattered in the ticlds, or whether they occur In 
pebbles or In the paste ot conglomi' rates and conglomerate-like bands, 
also where they occur, and the precise locality and place In the series 
have been ascertained, so as to leave out possibilities of error as much as 
possible In a problem, which, like the present one.afforda such diversity of 
relations and complexity ot structure. 

This paper is In tact a sequel to the author's paper read before the 
Geological Society of America at Washington last December, and pub- 
lished amongst the LiiUellns ot that Society last April. (See Bull, Geoi, 
Soc. Am., Vol. 3, p. i, TF— 502, Plate 30.) It will contain a synoptical 



I .y Google 



Review of Literature. 117 



Itn at the rauDHa entombed Id the strstft constituting the Quebec group 
in thi! Province at Quebec, and reference, etc., polnta ot contact betneen 
tliese and slnllar series In the Newfoundland section. 

Oft Vte Lower Camiirinn Age of (Ae Stockbridgr limestone. By J. B. 
Wolff. Bulletin, O. ». A., vol. 11. pp. 331-33H, with two Dgiires ; March 
18, IS91. A detailed description of the structure of theOreen mountaloB 
and western parallel valleys and ridges In Rutland, Vt., Is here ^Iveo 
with a map and a section. The rocks dip steeply eastward and comprise. 
Id order from east to west. (1) the Green mountain gnelssic schists, with 
beds of conglomerate ; (3) quartzlte. proved by Walcott's discoveries to 
belong to the Olenellus zone of the Lower Cambrian ; (3) the limestone 
ol the Rutland valley. In which Dr. A. F. FoPrste and Dr. Wolff last 
year found fossils at numerous localities. Including a SttUerelUi closely 
resembling or Identical with S. ofiiNitus of the Olenellus Cambrian of 
Korth Atileboro,Mas8.; (4) quartzlte, conglomerate, gneiss, and schists, 
forming Pine hill j (5) the limestone of the Center Rutland valleji, in 
which Dr. Foerate has delected fossils of Lower Silurian age, tike thoso 
found by Rev. A. Wing tn the West Rutland limestone; (S) a belt of 
schists; (7) the limestone of the West Rutland valley; and (8) the 
achlsts of the Taconic range. The stratigraphy Includes overturned 
folds and probably a thrust plain along which the Cambrian Is pushed 
westward to overlie tbe Lower Silurian limestone. 

This paper has an important bearing on the vexed Taconic question. 
Since In verifying tbe stratigraphy of the lower part ot the Taconic as 
made out by Dr. Emmons, conforming In that respect with results pub- 
lished In the last number of tbe Gbolooist by Mr. Dale, It shows the 
partial Incorrectness of the stratlgraphlc scheme lately published by 
Mr. Walcott, and earlier by Prof. Dana. 

The OeotoOT 0/ Mount DiabUi, CttliforiiUt. By H. W. TcBNBR. With a 
supplement on The Uhemuitrv of ttie Mount I>iahfo rocfts, by W. H. Mki.- 
viLLB. Bulletin, G. S. A., vol. II, pp. 383-414, with a map and three llg- 
ures; March 30, 1891. Mount Diablo, an Isolated peak of the Coast ranges, 
tying 2T miles east of San Francisco and rising nearly 4,000 feet from 
tbe sea level, was selected by Whitney, In the Geological Survey ot Cal- 
ifornia, for detailed examination, which resulted In the discovery that 
tbe greater part of the metamorphlc rocks of these ranges are of Creta- 
ceous age. More recently Mr. G, F. Becker, nf the U. S. Geological 
Survey, has shown that only the Xecocomlan or basal strata of the Cre- 
taceous series have been highly slllclfled, serpentlnlzed, and otherwise 
altered ; and tbe continuation of this Investigation by further Seld work 
and chemical analyses Is described In the present paper. ,The metamor- 
phlsm probably took place at the time of the tlrst folding and uplift of 
the Sierra Nevada, which Becker refers to the close of the Gault epoch. 
After this date four terranes, namely, the Chico, Tejon, Miocene, and 
Pliocene, were deposltod In succession and conformably with each other 
upon the Mount Diablo area; and the main upheaval of this mountain 
occurred, according to Mr. Turner, at the close of the Pliocene. The 
uplift of the central metamorphlc mass was so energetic that part of the 
strata to tbe south were thrown into an overturned fold, and In one 
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loc&lity there ia an overtbrust fault, with horizontfti displacement of 
About one mile. As to the nature of the dlsturbauces which In late 
Tertiary tlma and at its end formed the system of the Coast ranges, this 
author believes, with Whitney, that they were "sudden and sharp, so 
that the result may be called a crushing and breaking rather than an 
uplifting and folding." 

Two belt* of foMiliferous blatik shale in (he Triasaic formation of Con- 
necticut. By W. M. Davis and 8, Ward Lopeb, Bulletin, Q. S, A. vol. 
il, pp, 415-430, with three figures ; April 9, 1B91. Professor Davis dur- 
ing tae past nine years has given much study to the Trlassic area of tho 
Connecticut valley, and the first part of this memoir gives a summary of 
his conclusions, as published more fully In earlier papers, concerning 
the structure of the Triassic formation, with its several trap sheets, la 
the vicinity of Merlden. Three principal overttows of lava, named by 
Perclval the anterior, main, and posterior trap sheets, are interbedde^ 
with the upper halt of the conglomerates, sandstones and shales ; and 
besides at least one great Intrusive sheet is found. Its position being be- 
low the overflow and near the base of the formation ( Ax. GKOLoeiST, 
vol. iv, p. 11?). The epoch of deposition was terminated by an upheaval, 
in which the whole series of aqueous and Igneous beds were tilted and 
faulted, being divided Into long narrow blocks, from an eighth of a mile 
to a mile or more In width, wltb dislocations of upthrow on the south- 
east aide of the fractures, varying from a few tens of feet up well to- 
ward S,000 teet. Denudation ensued during the Jurassic and Cretaceous 
periods, reducing this broken country to a surface of moderate relief and 
low altitude ; but about the beginning of the Tertiary era It was again 
elevated, and the present hills formed by the outcropping edges of the 
trap sheets are partial measures of the extent of erosion since that time. 
These Interpretations of the structure and history of the area have 
enabled the authors to discover a considerable number of new localities 
of the twofossillterous horizonsot black shales which were before known 
in Durham aud Westfleld. The extreme points at which the Durham or 
lower bed has been thus identified are about fifteen miles apart, with 
ten well proved faults between them ; while tossllilerous outcrops prob- 
ably belonging to the Westfleld or upper bed are found in places sep- 
arated by fitly miles and by twelve or more faults. 

The greater part of the search for fossils has been done by Mr, Loper, 
who describes his methods of work and the localities which have been 
successfully explored. Ills provisional list of species comprises eleven 
fishes and ten plants, with others undetermined; and the search has 
yielded about^SO specimens ot fossils, in addition to the many hundred 
which had been previously collected In Durham, Five species of fish 
and five of plants are common to both the lower and upper fosslliferous 
belts, which are here called respectively anterior and the posterior black 
shale, from the nearly associated trap sheets. 

PantObUiliem. An "International bibliographical review of the world's 
scientific literature." 

This Is a very comprehensive and ambitions new journal, at least In 
the scope which It proposes to cover. It Is edited by A, Kersha, C. B., 
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»tid It Is published at Ht. Petersburg, Bussla. If It can be carried out 
OD tbe plan of the first No. whlcb was recently Issued, there Is no doubt 
Ibal It will be a valuable publication for librarians, scientists of all 
kinds, and all students who desire lo keep acquainted with tbe work of 
their fellows In other countries. Bui It will require a great outlay of 
money, and a large corps of sub-editors to abstract the proper condensed 
notes from the various publications of the world, and It will have to 
have free access to all sclentlflc publications. This will require the es- 
tablishment, at once, of a library of large dimensions. Tbe first number 
contains about 1.300 titles of new publications, 80 critical articles or re- 
views of leading books, and an Index of contents of 270 periodicals, and 
embraces sclentlflc literature of all countries of the civilized world, In 
all the principal languages. New York, D. Appleton &. Co. 

Qtoloqy of the environs of Qttebee, tclth map and tectUmt. Jvixa 
Marcou. (From the Proc. Boston Soc. Nat. HiBt., Vol. xxrv, pp. 202, 
227.) 

This Is a clear and concise statement of the geological features of the 
vicinity of Quebec. It treats especially of the falls of Montmorency, 
Charlebourg, Indian Lorette, Quebec City, Point Levis and LaChaudiere'S 
fall. With the exception of a narrow bolt of Champlaln rocks which Is 
represented running cast and west from tbe vicinity of Montmorency 
falls to and west from Indian Lorette, all the concerned region Is In- 
cluded In tbe Taconic (upper and middle). The structure of the rocks 
at the Bedoute, at Point Levis, and of the hill at Quebec are represented 
to be similar. In that there Is an uriderdtp of the strata, at both points, 
on each side of the hill, the Intervening strata, forming the elevated 
part of the hills, being supposed to wedge out downward, owlnE lo the 
sharp folding and the close pressure. The fossils lately found by Mr. 
Ami and others Indicating a more recent age for the^ strata are be- 
lieved by Mr. Marcou to be not Indicative of their age, being some of 
them entirely new species, and when not new. entirely explainable on 
the theory of Barrande " rfes col'j«Ic»,"' and strictly of Taconlc age. 
The quartzyte at Montmorency falls he considers of unknown age, 
though there Is no valid reason against considering It of the age of the 
Granular quartz, of Vermont. Until It can be shown that between the 
time of the Trenton, which lies horizontal on the quartzyte at Mont- 
morency falls, and the Taconlc which Is everywhere subject lo great 
upheaval and to the Interstratillcatlon of Igneous rock and to the uncon- 
formable overlie of the Trenton, there was an epoch of rock-making 
like these Quebec rocks, and that later, and before tlie advent of 
the Trenton, these strata were upturned to verlicallty, ilie general 
geognosy of the region certainly seems to agree with the views of Mr. 
Marcou. Tbe rocks that may be said to Intervene between the Trenton 
and the Taconlc In the region arelheChazy, Calclferousand tbeSt. Croix, 
but these, wherever they have been Ideiititled, are nearly horizontal and 
Indicate nothing of con tern [lorary volcanoes and later upheaval and 
crumpling, and within so small an area tliey rouid hardly be expected to 
vary so mnch. The researches of Mr. Ells, underthe Geological Survey 
of Canada, point to the conclusion that these rocks are divisible between 
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the Cambrian and the Taconic, I. e. between the second and the first 
faunas. The Levis strata and ihe City of Quebec rocks he places to- 
gether under the term Levis (for which, however, Mr. Ami prefers to 
retain the name Quebec), and the Slllery strata, underlying the Levis, 
.he would locally designate by the term Sitlerjr. This Slllery consists of 
two parts, a series of shalos and sandstones and a series of quartzytes 
and limestones, the latter unconformable below the former. This un- 
conformltT within the Slllery, which la the Taconic of Emmons, cor- 
responds with a groat break which has elsewhere been discovered in the 
Taconic, and apparently marks the date of outbreak of the eruptive 
fades of that period. The red shales of the upper Slllery are analogous 
to the red shales and sandstones of the Georgia of Vermont, and of the 
upper part of the Klplgon series of the Northwest, and the underly- 
ing limestone and quartzyte seem to be on the airatlgraphlc level of 
the WlnoGskl marble and Granular quartz of Vermont, and of the Pewa- 
blc quartzyte and "cherty limestone" of the Mesabi range In Minne- 
sota. This would make the Slllery the representative of the upper Iron- 
bearlng formation ot the Northwest, and of the Taconic district of 
western New England. The Intensity ot this outbreak, and Its wide 
extent, are shown In the fact Chat It accompanies this horizon all along 
the Appalachian chain, through New Jersey, Into ilie Courtiand region 
ot New York, the Adirondacks, aod thence through the Canadas to the 
regions of the Great Lake». 

..Ill ErpedUlon to ML Si. ElUia, Alaska- Israel C. Rdssell. (Nat. 
Gjog. Mag. Vol. Ill, pp. S3, 204, May Z9, 1S91.) Eighteen plates, S1.50, 
Washington. 

This very Interesting and valuable number of the National Geographic 
Maftazlne, which is wholly taken up with this report, contains a very 
full description of the experiences, and the results, of the eipedltlon of 
1800, under the auspices ot the National Geographic Society, led by Mr. 
Russell. The ujetulness o( modern photography to geology and geog- 
raphy Is beautifully illustrated In the numerous handsome plates which 
are given. The volume is a very valuable addition to thelllerature con- 
cerning Alaska, and adds very much to all former reports on the topog- 
raphy, geology, and especially on the glacial geology ot that territory. 

Oeotoffloif Survey of New Jeriiey. Anuuiil Beptirt fw 1800. Jobs C. 
Smock, state geologist, Trenton. 1891. pp. 305, three maps. 

This valuable report embraces a summary report by Prof. Smock, a 
brief report by E. A. Bowser on the condition of the Coast and Geodetic 
Survey lu the state, a report on the geology and other features of the 
iron mines by Frank L. Nason, Including a chapter on the post-Archean 
age ot the white limestones of Sussex Co., and an elatrarate report by 
C. C. Vermeule on the water-supply and water-power of the state. Al- 
together the document Indicates a state of healthy activity for tho 
survey. 

We have noticed the high scientific value ot the report of Mr. Nason 
who has brought out some very Important facts respecting the white 
limestone" and Iron ores ot Sussex county. Already this had been fore- 
shadowed by the article of Mr. Nason In the April No. of the Am 
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Oboi.o«i8t (Vol. Vll, p. 34t), OD the Po»(-Jrc/wiin ttgc of Hit white lime- 
attmt* of Sa*»»ex couiily. It Is true that the views of Dr. E. Ennions 
since 1846, aod of all hts school, have made the T'sconlc strata pass 
through that part of New Jerser, for It Is well known thai the geology 
of Dorthern New Jersey is but a continuation o( that of southeasttrn 
Kew York, but the views of Prof. Dans as to the Archean age of these 
gneisses, and of the accompanying limestones, based as they were on 
the supposed Infalllbllltr of chondrodlte as a. sign of that age, have pre- 
vailed very largely, and these ores have therefore been classed as Ar- 
chean. The discovery of Olenellus In the quartzyte undorlylng the 
limestone effectually rentoves tbem from the Arcbean, and as fatally 
overthrows the dictum that chondrodltic limestones are certainly Ar- 
chean, since large quantities of that marked mineral are found In them 
here. U even points to the reverse, and shows Chat If chondrodile has 
&Dy value as an Indicator of the age of a llmesione, It marks the lime- 
stone containing It asTaconlc. Another important point established ts 
the primordial (Taconlc) age ot the Iron ores, and their close association 
with that limestone, which, coming from the so-called Arcbean region 
In southeastern New York, was carefully traced by Prof- Dana through 
western Connecticut, northward to Stockbrldge, Mass., and to Rutland, 
Vt., where recently it has been proved to be of the same age by a similar 
discovery ot Taconlc fossils by Wolff and Foerste. This bears strongly 
against the idea that any part of the iron-bearing beds ot the region 
traversed by this limestone are of the age of the Hudson River. 

The fossils that have brought about this result, and the chondrodlte 
which have Iteen found In the limestones, have both been determined by 
usorlatosof Prof. Dana, at New Haven, iheformerby Dr. C. E. Beecher, 
and the latter by Prof. S. L. Penfleld. These results are no surprise to 
geologists who have watched the course of geological research with 
Its tendency, relating to the Taconlc, during the last six or eight years. 

There are, however, two important points In Mr. Nason's report. In- 
cluded apparently In his "conclusions," to which we can not yet sub- 
scribe fully. Firtt, It does not seem sufficiently proved that the blue lime- 
stone is the same In age as tbe white. It shows some singular contrasts 
and divergences. It botb can be found to be fosslllferous that would 
settle it. Second, It Is not sufficiently shown that there Is no gneiss (as 
distinguished from granite) and that all the acidic crystalline rock con- 
cerned Is eruptive. There Is a vast amount of testimony that the lime- 
stone Is Interbedded and conformable with gneiss. It Is hard to con- 
ceive how a limestone can be placed thern, a fosslllferous limestone, and 
a quartzyte, without some other fragmental rocks to accompany them. 
It the limestone and the quartzyte are metamorphosed, what Is the 
probable condition of those other fragmeutals? Further north this 
limestone Is said to be accompanied by conformable gneiss and mica 

The Term Permian ami U« Metnznk Ti/pe» and FnaslU. (Bulletin of 
the U. S. Geological Survey No. 7T, a« stated on p. 8 ) 

In this bulletin Is presented » summary of the various kinds of evi- 
dence Indicating tlie Permian age of a certain si'flt's of Ihe strata In 
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western [1. e. northern central] Texas, which have been b; some geolo- 
gists referred to the Trias, and by others to the Permian. 

It also contains an announcement of the discovery In those strata of 
certain types of Invertebrate foHslla which usually are regarded as In- 
dicative ol their Mesozolc age, commingled with a considerable number 
of Carboniferous types. This discovery la the first of the kind that haa 
been published concerning North American strata, but it is similar In 
character to those made by Waagen In India, Oemmetlaro In Sicily, and 
Karpinsky In Russia. A large proportion of the forms are well known 
Coal-Measure species. AD these species are illustrated on accompanyine 
plates, and some of them are described as new. 

The paleontologlcal balance which Is Indicated by this commingling 
of earlier and later types in the Teian strata Is treated as an Item of 
evidence In favor of the Permian ago. 

The closing portion of the bulletin Is devoted to a general discussion 
of the subject of the existence of the Permian In North America. 

Paleon tola g leal ly this Is a moat Important t^ont^lbutlon to knowledge of 
North American geology and will be of Inestimable value to the future 
student. The historical and stratlgraphic discussions together with the 
generalizations In the concluding chapter do not, however, coincide with 
numerous observations of more extensive workers In the field. While 
Hitchcock's and McGee maps — which have never claimed to be any- 
thing but compilations — may have represented the area of the Red Bed 
formation In which the fossils occur as Triassic, numerous geologists of 
ability, Marcou, Newberry, Ball, and others, have always spoken of the 
lower division In which they occur as of probable Permian age. Prof. 
Ball, to whom credit is due for the scientillc announcement and deter- 
mination of the particular localities discussed, first called attention to 
Its vertebrates, invertebrates and plants. (Sec American Naturalist, 
June, 1BT9, Sept. 1880). This naturalist, whom Dr. White seemed to 
have overlooked, died In the Held white exploring the region and pub- 
lished only brief mentions which attracted Prof. Cope's attention to this 
unique field. The plants, which promise to be of as great interest as 
the vertebrates and Invertebrates, although announced twenty years 
ago, have not yet attract^ the attention of our paleo botanists. 

The especial Interest of this paper is the fact that It determines 
paleon tologlcally that of the great American terrane, known as tho 
Red Beds, only the basal portion are of Premlan age. These Red Beds, 
although occupying an area In Oklahoma, Kansas, Texas, New Mex- 
ico, Indian Territory, Utah and Arizona, equivalent to at least a. 
twentieth of the area of the United States, have never been systemati- 
cally studied or published. Numerous writers. Newberry, Marcou, 
Powell, Shumard, Cragln, Hay and others, have contributed local data, 
but no one ha? studied the terrane as a whole. Newberry, Marcou, 
Walcott, Hill have pointed out the difTerent aspects of the upper and 
lower beds and expressed opinions as to their diverse ages. Dr. G. U. 
Shumard, who studied the uppermost Red Beds, argues from their paleon- 
tologlc evidi-Mi'e that they are Cretaceous," exactly as Dr. White argues 
•*■.■" a Fiirii ill Ki;i.ort"of llie Ueolii^y of WcHlern Teias, by Pr<i"[7G. U.ShuuiBrd, 
AuHtiii, IBS']. 
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from tossllg collected St thefr base that they are PermlaD. Hill has 
■bown In bis Arkansas report the occurreDce of typical R«d Bed colors 
and grpiun and that the upper limits are oF Trinity age. (Uppermoat 
JnrasBlc or basal Cretaceous). The fact \i that the great Bed Beds torma- 
tiOD began in late CarboniferouatimeB, continued during Permian, Trlas- 
slc and Jurassic Into the lower Cretaceous and should be discussed as a 
■tructnral unit and not a time unit ; the student who will th us treat It 
has a grand field In American geology. 

TbUJIed Beds fYemlun must not be structurally confused with the 
Permo Carboniferous limestones of Kansas and with the white Permian 
limestones of the Guadalupe mountains as deflned by the brothers 
Shumard. It Is a later and overlying terrane, especially distinguished 
by complete absence of limestones e^icepi one stratum at Its very base. 

Page 14 gives a section of the strata from eastern Navarro to Swisher 
county, Texas, Including the Cretaceous, Carboniferous and Permian. 
The bcd« of the tipper Cretaceous Series are treated as distinct fonna- 
lions, to-wit : (I) the Timber Creek formation, (2) the Eagle Ford for- 
mation, (3) the Austin formation, (4) the Ripley formation. The re- 
viewer can not agree with this new and inadequate nomenclature In 
place of the one so well established and In local use In the region, nor 
can it Sil the stratlgraphlc requirements. These beds are not formalUma 
but merely beds on one great formation, and the term BIpley and Tim- 
ber Creek have no meaning In the Texas Region; Cope showed In the 
American Naturalist, 1887, that the latter name when Srst applied by 
Hill to the Lower Cross Timber beds had prevlovsly been applied to a 
terrane In New Jersey, while Hill has shown that the term "BIpley 
group" of Hilgard applied to only one horizon In the Olauconttlc or 
Upper division of the Upper Cretaceous series of Texas. Neither does 
the section Include the great division known as the Pouderosa marls ly- 
ing along the Austin chalk or the Upper or white clISs chalk so well 
marked in northeast Texas and Arkansas. 
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1891. 

Twenty-third and Twenty-toarth Ann. Reps. oF Trustees of Feabody 
Mus. or Amer. Arch, and Ethnot. Cambridge, 1B»1. 

Bep. of the Scl. Biped. Inu> South. Maryland. Johns Hopkins Univ. 
Clr. Vol. X. No. 89. 



COEEESPONDENCE. 

Akea abd Duration op Lake Aoassiz. Your July number i^ontttlns 
» valuable article by J. B. Tyrrell, In which he criticizes the estimate at 
the area of lake Agassiz, about 110,000 square miles, or more than the 
conblned aretts of the great Laurentlan lakes, as given In my recent re- 
port published by the Canadian Geological Survey. In reply I wish to 
«Tplain that I have not attributed so great extent to lake Agasalzat any 
«ne stage of Its existence, and to notice briefly bow the beaches and 
terminal moraines Indicate that this lake during both Its earlier and 
later stages covered the greater part, probably three-fourths, of this area. 

The chief argument for this Is the observed extent of the higher and 
«arlier Herman and Norcross beaches, which have been mapped from 
near Red lake, Minnesota, southward to lake Traverse and thence north- 
ward through North Dakota to Elding and Duck mountains In Man- 
itoba, a distance of about TOO miles (Au. Qbolooist, vol. vli, pp. lei, 
3SS). Delta sand deposits. br<>ugbt Into lake Agasslz by the Saskatche- 
wan and referable to the Norcross and lower stages, reach from nettr 
Prince Albert, on the North Saskatchewan about forty miles west of the 
forks of the North and South branches, through a distance of more than 
« hundred miles eastward to the head of the Seepanock channel and the 
103d meridian (Canadian Pacific Railway Report, ISBO, pp. 11, 10). The 
descent of the river In this distance is approximately from 1,250 or 1,300 
to 9S0 feet ; and the elevation of the west part of Che delta Is probably 
about 1,350 feet above the sea. As early as the time of the Norcross 
beaches, therefore, the recession of the Ice-sheet bad permitted the lake 
Id exlend along the whole front of the Manitoba escarpment, to the lat- 
itude of the north end of lake Winnipeg. The length of the Agasslz at 
that time was 550 miles or more, and I believe that Its average width 
was noc less than ISO miles, reaching east to the moraine which Mr. 
Tyrrell describes as forming the eastern shores and islands of lake Win- 
nipeg, with a bight of 100 feet on Black island. This moraine would 
then have been deposited in water 600 to TOO feet deep, bordering the 
Ice-margln ; Its knolly and Irregular accumulations of drift would not 
have been subjected to the levelling action of the lake waves until the 
farther melting of the Ice opened avenues of outflow to the Hudson bay 
and reduced the glacial lake nearly to the level of lake Winnipeg ; and 
the latest change of the northward outlets may have lowered the water 
surface so rapidly and to such vertical amount that It left no distinct 
marks of erosion or shore lines on the upper portion of the moraine. 
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Before the successive northward otitletii began to drain lake AgaoslE 
below Us channel of southward discharge at lakes Traverse and Big 
Stone, the border at the Ice-sheet had been graduallf melted back from 
lake Winnipeg to Hudson bay, and Its thick central part which occupied 
the basin of Hudson and James bays bad so far disappeared as to admit 
the sea there. At a time of halt or reldvance, Interrupting this re- 
cession, another terminal moraine appears to have been accumulated, 
crossing the Churchill and Selson rivers, as observed by Dr. Bell (Bul- 
letin, Q. S. A., vol. 1, pp. 303, 30fl). If this belonged to the time of the 
Oampbell or McCauleyville beaches, as seems most probable, the extent of 
the lake during these later stages of southward outHow was even greater 
than I have supposed It U) be at the time o( the Herman and Morcross 
beaches, and the area occupied by lake Agassiz in Us numerous stages 
much exceeded that of my map and estimate. 

Though lake Agasslz attained vast areal extent, its duration or ex- 
tent in time was short, as Is shown by the small volume of its beach de- 
posits and lacustrine sediments In comparison with lakes Bonneville and 
Lataontan and with the amount of post-glacial erosion and deposition on 
the shores of the great lakes tributary to the St. Lawrence and Nelson 
rivers. The geologic suddenness of the final melting of the ice-sheef, 
proved by the brevity of existence of Its attendant glacial lakes, presenta 
scarcely less difficulty for explanation of Its causes and climatic con- 
ditions, than the earlier changes from mild or warm preglaclal and In- 
gla^plal conditions to prolonged cold and ice-accamulatlon. 

SomeralUe, Mats., July 7, 1891. Warren Upuam. 

To THE Meuhers and Friends op the Corrbspondixq OEoixKiirAi. 
Crai^er of the Aooasiz Association : This brief report, covering the 
flrstyear of the existence of the C. O. C. A. A. is published for the beneOt 
of Its members, and also for the Information of others who are Interested 
tn geological pursuits and to whom the workings of the Chapter are un- 

The Chapter was organized In February, 1800, with a charter member- 
ship of sixteen. The constitution Is modelled after that of the Gray 
Memorial Botanical Chapter of the A. A. It Is our primary aim to or- 
ganize lovers of natural science throughout the land who are actively 
Interested In geology or Its kindred branches, and to establish a stated 
means of communication whereby each may know what all the others 
are doing. By this means the student or amateur geologist of New 
England comes Into correspondence with the workers In the South and 
West, and acquires a more accurate knowledge of these remote regions 
than would otherwise be possible. All the machinery of the organiza- 
tion is subservient to this central idea, — the mutual encouragement and 
help of workers in dlRerent sections of the country. Each member Is 
expected to contribute a report every three months "giving the result 
of his studies and personal researches In geology, mineralogy, or pale- 
ontology during the previous quarter." These reports are then circu- 
lated throughout the Cliapter, aifording each member the opportunity 
to read, comment, and criticise. The experience of a year Is abundant 
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evidence that (his plan is a moBt auccesafu) means of developing talent 
»Qd eathuBi&sm In geological work. 

During the year our nuiab«rB have increased from aixtoen active ineni- 
bers to tblrtj-two active and three honorarr members. We have eleven 
active members in New York atate, seveo In Magsacbuaetts, two In Cou- 
nectlcnt, two Id Illinois, and one each Id Bbode Islaod, Pennsylvania, 
New Jersey, Maryland, Georgia, Oblo, Iowa, Minnesota, California, and 
Nova Scotia. 

The reports are uniformly exceUent, giving evidence usually of a 
strong interest In geological work, and often etblbitlng much labor and 
skill on the pari of tbe writer. Over balf of tbe reports are Illustrated 
with drawings or photographs, which always add greatly to tbe value of 
scientlQc papers. The range of subjects presented Is very wide, as would 
naturally be expected from the variety of regions represented la the 
Chapter. There Is no space here to enumerate even a few ol tbe titles 
of reports, but we may say, without any risk of exaggeration, thai the 
fruit of our year's work contains material which Is valuable not only to 
the amat«ur but to the professional geologist as well. Within the year 
eighty-three reports were received as follows : nineteen In Hay, twenty- 
two In August, twenty-one In Novemlier, and Iwenty-one In February, 
1891. It will bo seen that tbe increase In number of reports has not 
kept pace with the Increasing membership of the Chapter. 

Our plan of work cannot fall lo recommend Itself to those who are 
practicing Ihe truly scientiSc method of geological study; and It is to 
sucb students that we extend a hearty Invllallon to Join us. A few more 
members of the right sort would greatly enhance Ibe efficiency of the 
Chapter. 

Our past experience has suggested a few Improvements in our modtu 
operandi which are being vigorously discussed among the members. 
This is not tbe proper place for a presentation of such matters ; the 
active interest shown by all In (ho improvement of the Chapter Is a good 
omen and guaranty of greater success in the year to come than la the 
year just past. Tbe following are the ofScers for 1S91 : 

President, Frkdsrick A. Voot, S44 Qenessee St., Butfalo, N. Y. 

Offoeral SecretoT]/, Qeorob F. Perry, Melrose, Mass. 

Treagurer, Mian Isabki.i.a S. Dkahb, *5 Park St„ Buffalo, N. Y. 

ExecuUoe CovwHl, Ahadeus W. Orabau, Soc. Nat. Hist. Boston, 
Massachusetts. 

ExeaMoe CoancO, FrankunW. Babhows, High School, Buffalo, N.Y. 

All who desire to Join tbe Chapter will please apply to tbe General 
Secretary. Very truly, 

Buffalo, IT. Y., May 20, 1891. Fraitkltm W. Babrows, 

Retiring President. 

Oranob Saitd, LAflBAHSE AND APTOHATTOx. — The study lately be- 
stowed upon tbe formations of the southwestern states In connection 
with those of tbe North, and especially those of the Atlantic slope by 
HcOee, seems to render a revision and re-deBn!tlon of the above names 
desirable. The flrst two. Orange sand and Lagrange, were first applied 
In ISM, by 8alTord, to a series of tteds In west Tennessee that bear a very 
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close reMmblence tn geaeral aspect; 4uil In the mere reconnolss&iice 
then mode by S&Rord of the region, were by falm presumed to be ol 

Identical itge. In & subsequent report (1869) SaSord recognized the tacl 
that a portion of the beds Included by him In the above designation be- 
longdd to the Cretaceous; and he accordingly defines the "Orange Sand 
or Lagrange group" as being of Tertlarjr (probably Eocene) age. 

Meanwhile 1 had, In 18S6, examined the portion of Mississippi adja- 
cent to the Tennessee lino, and in subsequent years up to 1860 the 
remainder of the stale. I had found what I presumed Ut be Saflord's 
Orange sand more widely developed In Mississippi then even In Ten- 
nessee, and found It overlying the latest recognized Tertiary beds — the 
Urand Gulf rocks. Accordingly I adopted Haflord's name ]d my Missis- 
sippi report of 1860, In which the features of the formation are de- 
scribed tn considerable detail; and for reasons there given the "Orange 
aand" Is assigned to the early Quaternary. 

The lutervontion of the war prevented any early conference between 
SaRord and myself en the subject; and It wasonly In 1840 that I learned 
that S afford assigned his "Orange sand" and "Lagrange," as a unit, 
to the Eocene ago. 

During our subsequent correspondonce It was developed that llgnitlt- 
erou.s beds of nnqucstlouably Eocene ago, exposed not far from La- 
grange, Tcnn., were included by SalTord within his group. I therefore 
suggesuid to him that the latter name should be retalnod for the yellow 
and gray llgnitlferous sands of the Eocene that Immediately overlie the 
"Flatwoods" or "Porter's Creek" beds, which themselves overlie di- 
rectly, and almost conformably, the uppermost Cretaceous. The name 
of " Orange sand," on the other hand, it was agreed should designate 
the higher series, to which it is peculiarly appropriate. To this ^ree- 
monl we have since adhered, and have therein boon followed by other 
western geologists. 

As stau^ In my MISflisslppi report of 1860, I had concluded from the 
descriptions of Tnomoy and others, that the Orange sand ext«nded with 
more or loss similarity of character at least to South Carolina, and prob- 
ably along the Atlantic coast plain as far north as Washington. 

The excellent work carried out for some years past by McOee, along 
tbo coastal plain of the Atlantic slope, while restricting somewhat the 
supposed northward extension of the formation, has shed much now 
light upon its general relations and regional modlHcatlons; and while 
tlie Identity of the whole Is unquestionable and hence the prior designa- 
tion (Orange sand) should stand In place of thenamo Appomattnx applied 
by McGee to the Atlantic portion of the formation, yoi the deviation of 
the former name from the accepted rule of forming such names from 
type localities, as well as a certain degree of confusion that has oc- 
curred In its actual nee, seems to render a change advisable. 

At a late conference on the whole subject, partlclpatod In by Messrs. 
Mcfiee, Joseph De Conte, Loughrldge and myself, It was suggested that 
In view of the various objections U> all the later names, that of " Lafay- 
ette," which the formation hod borne for several years In my early field 
notes (from the type localities in Lafayette connty, Miss., where I flrst 
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discriminated It from the Eoceoe sandi), might spproprlktely be adopted, 
with tbe assent ot Safford, as one uf the parties to the former iLgree- 
meDt. ThlshSiVlnR beon secured. It would seem advisAble that all unite 
upon the use, hereafter, of "Lafayette" as the equivalent of the 
Oran[/e saiui (as understood hy SafTord nud myself) of ihe southwest, 
aud of the Appojnaltox aa defined bf McOee fur the Atlantic and south- 
eastern states. Whatever differences of optntoii may exist In regard to 
the genesis of the formation, or the assignment of particular local 
phasds, wilt bo more readily dIscnHsed and reconciled when a single 
name only Is employed by all. E. W. Uilaasd. 

BerKel^, Cal., Jwie is, 1H91. 

The above paper was sent 10 me previous to publication for exaralDa- 
tion, and, If at^ceptable, fur my approval. Prof. Hllgard has given Ibe 
correct history of Iho names "Orange sand " and " Lagrange," and, In 
the prospect of harmonizing views alt around, thereby facllltaling 
the study of the beds concerned, I hoartlly concur In the conclusion 
reached by him In conference with the gentlemen mentioned above. It 
Is pleasant to. know that. In Important points, a satlnfactory under- 
standing now exists. Jab. M. Saffoxd. 

NtuhvUle, Tenn., June 22, 1S9I. 
Rev of Lit 



PERSONAL AND SCIENTIFIC NEWS. 

Ma. Frank Ji. Na«on, Late Aswistakt Geolooist of the New 
Jersey Geoloj^ical Survey, has been appointed to the position of 
assistant f^logitit on the (reological Survey of Missouri, and will 
bu in charge of the examination of the iron ores of the state. 
Other assignments for the summer work of the latter survey are 
as follows: Prof. Krasmus Ifaworth has resumed work on the 
c-rystalline rocks and will also collect material for the preparation 
of a report on the mineralogy and petr(%raphy of the state. 
Prof. C. H. (iordon has similarly resumed work in the coal fields, 
4Uid most of his time will be given to the detailed study and map- 
ping of the coal beds of Macon county. Prof. J. E. Todd, of 
Tabor, la. , haa been engaged to take up tlie study of the quarter- 
nary deposits of the state and to prepare a rejKirt thereon. 

Prof. Mark W. Habrnihton, professor of astronomy and di- 
rector of the Detroit observatory at Ann Arbor, Mich. , was ap- 
pointed by the secretary of agriculture to have charge of the 
' -Weather Bureau" at Washington, lately transferred firom the 
War Department to the Agricultural Department, and assumed 
charge July Ist 

TnK OiiDEN Scientific School is to be a department of Chi- 
cago University. It is based on a gift by Wm. B. Ogden, first 
mayor of Chicago, lately dcciiled by the executors of the Ogden 
estate. The conditions attached )iy the executors to the gift — 
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which will amouDt to from three hundred tbooBand to half a mil- 
lion dollars — are, that the achool shall be a separate department 
of the university, and bear the name nf the Ogden Scientific 
School, its purpose being to furnish graduate students with tiie 
best facilitiea poesible for scientific investigation by courses of 
lectures and laboratory' practice. The income of the money ap- 
propriated is to be devoted to and need for the payment of salaries 
and fellowships, and the maintenance of laboratories in physics, 
chemisby, biolt^, geology and astronomy, with the subdivisions 
of these departments. A large slmre of the time of the professors 
in the school is to l>e given to original investigation, and encour- 
agement of various kinds is to be furnished them to publish the 
results of their investigations, a portion of the funds Itcing set 
apart for the purpose of such publication. Some portion of the 
income is to be set apart for the purchase of lx>oks to be placed in 
tlie special departmental and laborator)- libraries of the proposed 
school. 

Prop. P. Martin Duncan, a well known Knglish geologist, es- 
pecially in the study of corals, died in May last As was the case 
with many others who have become eminent In geol<«^y, he began 
life as a physician, practicing meilicine for many years. His first 
venture in science was. in Botany; (Observations on the Pollen- 
tube, J856). It was no part of his plan to seclude himself from 
the active duties of life while engngcil in the study of science. 'He 
was at the same time mayor of Uolcheslcr and curator of the local 
museum in that town which still shows tlio evidence of a manage- 
ment far ahead of the time when it was arrangetl. 

Later on Dr. Duncan removed to Jjontlon, became professor of 
Geolt^y at King's College and Cooper's Hill, (the East India Col- 
lege,) secretary' and vice-president of the Geological Society, and in 
1879 president of the geological se<^tiou of the British Association. 
In 1881 he received the highest honor in the gift of the Geological 
Society, the WoUaston Medal, and at diflTcrent times served on the 
Council of the Koyal Society and prosi<led over the meetings of 
Uie Microscopical Society'. 

Prof. Duncan's chief juipersarc his "Fossil Corals," the "Phys- 
ical Geography of Kurope during the Mesozoic and Cfenozoic 
eras elucidated by their Coral Faunas," his "Revision of the 
Madreporaria " and of the "Great Groups of the Echinoidea," 
with some later ones on " Protozoa and Sponges." 
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PRELIMINARY NOTES ON THE TOPOGRAPHY AND 
GEOLOGY OF NORTHERN MEXICO AND SOUTH- 
WEST TEXAS, AND NEW MEXICO. 

By Kob't T. HiLt, AuKtln, Teui.-. 

The topographic and geologic features of northern Mexico, and 
the Trans-Pecos region of Texas and Sew Slexico have Ijeen for 
several years a subject of profound interest to the writer, who, 
notwithstanding much study, involving thousands of miles of 
travel, still feels that he can contrihute only a few data concern- 
ing this vast region, and that the main facts and details of its 
structure are still unraveled, especially those relating to oro- 
graphic and igneous geology, and he presents the accomijanying 
description of a small, but typica! portion of the area, with the 
hope that it may be of some assistance to those who are more 
competent to discuss as a whole the grander orographic features of 
our continent. 

I have previously shown the salient topographic features of the 
region to consist of: 

1. A aeries of present and ancient coast plains, conalatlng of strata of 
Trinity and later age, which covers the eastern half of the state, and 
collectively form what I will cull the coaatward incline; This embraces 
the coftst prairies, the WaahlngtoD pralriea, the Eo-Llgnitic or Forest 
region, the black pratrle, the Grand prairie, and the two Cross-Timbers. 
The Llano Estacado In some respects may be classified generally with 
this region, but for the present, I prefer to treat it separately. 

2. The centml denuded region, including the great rock sheet of the 
Paleozoic and early Mesozoic (Red beds) mostly dipping westward, 
which He unconfornmbly beneath the group of the coaatward incline. 
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and are exposed either bj the removal of the latter through erosion, or 
being upturned In the two great mountain sjstems, which limtt the 
region — the Ouachita ou the north, and the basin ranges of the Trans- 
Pecos region and northern Mexico on the weBt. 

%. The above mentioned mountain Bystems, the first of which the 
Ouachita syatem of Arkansas nnd Indian Territory Is older than tbe 
plains of the coastal system, and against which they were laid down ; and 
second the Basin mountains which are composed of the uplifted, folded 
and crumpled southward edges of tbe earlier of these plains ; i. e. 
tboae founded on rocks of Cretaceouft age. 

4. Plains of later age than the mountain foldings which were laid down 
against these newer mountains, and these Include the Llano Estacado, 
and the later formations of tbe coastal series ; and lacustral basins which 
were laid down between tbe mountains and in valleys of the plains like 
the dry lake beds of tbe latter region. 

Many of these features have been deacrihed in previous papera, 
especially those of the easteru half of the Texas region, and in the 
present paper. T wish to contribute a few facts concerning the 
Texaa-Mexican extension of the Basin region. 

Among the most conspiciions of the basins are the lakes La- 
honton and Bonnevilje.'numerous unnamexl basins in Arizona and 
in New Mexico; the Meailla valley, the Franklin-IIueco valley, 
nnrt El Jomado del Muerto in N'ew Mexico; the valley of the Salt 
Lakes, the Eagle Flats, and the Tojah- Pecos basin in Texas; and 
the basin of Presidio Del Xorte, plains of Chihuahua, El Bol- 
ion de Mapimi; the plains of Lago Aqna Verde, Baroteran Bar- 
real del Junco, ■\^alle Himdido. Valle Laliago, Caj'ote and nu- 
merous others. 

It should be borne in mind that these plains cover numerous 
areas, and occupy most of the region, the mountains being far 
secondarj- to them iu extent and areal importance, 

OEtKlKAPIllC EXTENT OF THE BASIN REOIO.V. 

The topography of the whole of the United States, and north- 
ern Jlexico, south of the WA° of latitude between the Sierras of 
Califoniia, and the Pecos-I,ower Hio (irande, may be defined aa 
a series of vast plains or ancient base-levels studded at remote 
intervals by mountain blocks aomctimes isolated, sometimes in 
groups or ctiains. Theac mountains belong to the style defined 
by Ruaselt as composed of stratified sedimentary beds which have 
l>een broken by profound fractures, and upheaved as great moun- 
tain blocks. Surrounding these mountain blocks (an<l comi>oaed 



I .y Google 



Ge<^(Hfy ofXorthern M.-xko.—UllI . 135 

of their debris ) and extending like a amootli floor from one to 
the other are the plains or basins. 

There is also much igneous material, but this is a secondary 
feature, to be mentioned later, and most cases is in the beds of al- 
most recent lakes, above which the mountains but lately ( in geologic 
times) projected OB islands. This is the true basin structure so 
ably described in fractional portions of its extent in Utah and 
Nevada, by Gilbert, Button, Russell, Powell and McGee. In cen- 
tral New Mexico the true Rocky Mountain system ends abruptly 
against this region, just south of Santa Fo. All mountains north 
of that point are in the bhsin region. 

The western escarpment of the Llano Kstacado an<l the Pecoii 
river and its continued course in the Rio Grande form approxi- 
matelj" the eastern bonier of the basin region in Texas and New 
Mexico, while its southern l>order extends southwanl through 
Comanche and eastern Chihuahua in Mexico to the state of 
Durango. 

The principal mountain blocks of this region are the following: 
In southeastern New Mexico, the Sierra Oscura, the San Andreas, 
the Juccarillo, Sierra Cabella, Sierra Florida, Sierra de la Hacheta 
and many unnamed blocks; in Trans- Pecos, Texas, the Oi^im 
Franklin chain, the hueras, the Van Home. Carrisos and the Las 
Chisos, Davis mountains, the Chenatis; in northern part of Mexico, 
the Juarez mountains ( near city of Juarez ), Sierra del Carmen, 
Sierra San Vincent*, Sierra del Burro, Las Arboles, Las Orucea, 
Sierra Kncantado, Sierra Carrizalyo, Sierra del Santa Rosa, Sierra 
de Guajes, Sierra Lampazos and many others; the eastern contin- 
nation of the region into Mexico. 

Intimately and closely associated with thwe liaaius, is the west- 
ward embayment of the Rio Gran<ie from the coast. This em- 
bayment is marked by the southern escarpment of tlie Edwards 
division of the Grand Prairie, on the north from San Antonio to 
Del Rio, and by the Santa Rosa and allied mountains in Coahuila, 
and is a great topographic depression, up which all the late Cre- 
taceous and Quatemarj" formations deflect. It is covere<i more 
or less to the coast by a detrital deposit of an age i)robably related 
to the entirely enclosed basins. The northern ( Texan ) l)oundary 
of this basin is a fault wall — the great Austin-New Braunfels 
fault of mj' previous papers. 

The southern boundary, in Mexico, is composed of typical 
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basin monntainB occurring in isolated blocks, a type of which wilt 
now be described in the Santa Rosa mountains. 

These mountains lie south of tbe Rio Sabinas and west of the 
Mexican International railway, and rise about 3,000 feet above 
the plain. They are composed entirely of blue Cretaceous lime- 
stone of the Comanche series, here metamorphosed into the finn 
aspect of the Silurian limestones. 

The Sierra de Santa Rosa are among the first true mountains, 
i. e. mountains produced by dislocated or folded stratification, 
met in northern Mexico. They axe the eastern flank of the out- 
liers of the great basin group or system which extends southwest- 
ward through the Trans-Pecos region of New Mexico and Texas 
into northern Mexico, and are the beginning of the great minerat 
district of the latter region. These mountains rise in beautiful 
profile above tbe plain which surrounds them and extends north 
of them to the Rio Grande, and at a glance they mark the be- 
ginning of an entirely distinct geographic and geologic r^on 
from the Atlantic coastal region. 

Northeastward of these mountains towards Laredo' and Eagle 
Pass extends the plain or basin, which I have described as the 
Rio Grande embayment which, carved by erosion into valleys and 
amall bills, is a unique geographic feature constituting the drain- 
age basins of tbe Rio Sabinaa and Rio Grande and sometimes 
called the San Felipe Coal Basin. 

1. T/ii- Monnlnins. The Sierra Santa Rosa is an interesting 
piece of mountain architecture, consisting of an elongated mass 
or block of hard rock structure surrounded on every side by level 
plains. They extend northwest for fifty miles west of Barotcran. 
Themountainis about ten miles wide upon an average, and the main 
axis or ridge is unbroken by passes. Geographically this moun- 
tain alwaj's presents three persistent and interesting longitudinal 
divisions, (a) The Sierra Grande or main mountain constituting 
the main central axial moss or backbone of the range standing 
al>out 1,500 feet above tbe plain of the basin, (b) The Sierra 
Chiquita or hog backs — a row of sharp angular mountains, which 
lie parallel to and on the north side of the Sierra'proper. There 
are some fifteen of these separated from each other by narrow can- 
ons of erosion, and from the Sierra Grande by^an irregular grand 
chasm. These Chiqnitas are about 500 feet above ithe plain, and 
are the most important of the geographic divisions, economically. 
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in that they and their foot hills (the lomitoR) contain the vahiable 
mineral deposita. (c) Iios Lomitos, Northward and parallel to 
the Chiquitas — just as the Chiquitas are parallel to the Sierra, 
and in the same manner as they sulHend the Sierra, is a row of 
low. rounded, grass-elad hills known as Los Ixtmitoa (the little 
hills). These are very small, usuallj' not over 100 feet high, hut 
are an im[K)rtaiit feature of the district, 

•2. Thr I'liiiii. Looking from the mountains north and east- 
ward can l)e seen an extensive stretch of sub-level country — the 
Jtasin of the Rio Grande and Sabinas— the great coal fleld of 
northern Mexico. There are several features ()f this plain which 
desene brief mention however; (a) the valley of the Rio Sabinas, 
which is from 1^ to 15 miles north of the mountains, a beautiful 
stream of great volume, which has worn its way down through 
the strata to a distance of al>out 1.000 feet below the base of the 
mountain, thereby exposing the geological stnieture of the plain. 
Remnantat of this great erosion of the .'^abina.s are several im|>on- 
ant topographic features; (b) the volcanic mesas, which when 
viewed from the west, resemble an elongated platform oi bench 
projecting northward from the base of the (}hi(}uitas. Its toi> is* 
perfectly level, but the precipice which surrounds it is alxiut 100 
feet high, (c) Near the noilhern end of this table land are sov- 
«ral disconnected flat-top circular hills (buttcs) which an.' rem- 
nant of the former extent of the mesa. 

(il) Tff L:mm. At several places in the valley are low hilU 
of yellow sands and clays, the remnants of the valley of the Sabi- 
nas, which has cut down '\\\\a> the coal meo-Hurcs constituting the 
foundation of the plain, upon which the conglomerate and Uivn 
have been deposited. T<i the northwest and across the river these 
lomas (hills) have considerable extent and form a low range of 
elevation about 300 feet alwve the river. 

(e) Tlif <'<ii,gi»iin-r'ili- Trrniee. Near the base of the mount- 
ain, and extending into the valley from one to four miles is a 
level tiencb composed of fragments of mountain rock. Wher- 
ever this Ijench or terrace is erodeil. beneath it are found the soils 
used by the agriculturists, irrigated by the streams from the 
mountains. No doubt this formation once covered most of 
the plain. 

111. OEOI,oniC STRUCTURE OF THE BBOtON. 

(rt) The iifii'ii iii'iin I'f iwiiiit'i!,, or ■S'lVn-d Gnu.'lr is comi^sed 
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of mn^ive blue -gray and blue-black 
stratified limestone of great hard- 
nesa and durability, tilted at slight 
angles in A'arioua directions, and 
void of any marked folds. \o 
granitic or volcanic rock is any- 
where exposed in these, and the 
rocks which underlie this limestone 
series are concealed. At least 
4.00(1 feet in thickness of these 
rocks are exposed, and from the 
occurrence of characteristic fossils, 
they are seen to belong to the great 
system of rocks in Mexico and 
Texas, known as the Comanche 
series, and are of Jjower Cretaceous 
and probable Jurassic age, t. <■. , 
older and below the Meek and 
Hayden section of the North Amer- 
ican Cretaceous. This is the same 
system of limestone which com- 
poses many of the mountains of the 
Trans-Fecos region of Texas, and 
the silver-producing mountains of 
Mexico and Xew Mexico, and 
which occurs in Texas as less un- 
durated chalky strata. These rocks 
were elevated into their present po- 
sition at the close of the Upper 
Cretaceous iieriwl, and have un- 
dergone much denudation and 
erosion by subsequent events. 

(t) Thi: Hien-a ('hiqiilh, or hog 
liirclr*. This system of small moun- 
tains, skirting the north flank of 
the main mountain mass, and in 
which the mines are located are a 
part flf and composed of the same 
rock as the Sierra Grande or main 
mountain mass, iMit ditfcr from 
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them odIj in airangeineDt and greater tilting 
of the strata. They represent the bent and down- 
thrown portion of what is technically known as a 
faulted monoclinal fold as shown in the accom- 
panying figure. This separated them from the 
mtdn mountain mass. 

The strata of the Sierra Chi<|uita or Hog Backs 
stand almost vertically, dipping 80° north and 
striking 20° south of east. By erosion the Sierra 
Chiquita which once eonstitiiteci a continuous 
ridge, Lave been separated by canons and given 
their present serrated and isolate*! individual- 
ity, as shown in the sketch of the mountain 
range. 

Accompanying the great fault which separated 
the Chiquitas from the Sien-a Grande, numerona 
fissures, joints and all the fractures were made 
in these smaiier mountains at right angles to the 
strike of their stratification and the main fault, 
and into these at a subsequent period has been in- 
filtrated the mineral and accompanying vein mat- 
ter. By this sub-vertical tilting of the strata of 
the Sierra Ohiquita, upward of 5,000 feet of the 
limestone formation are visible in the canons, 
which cross them at right angle to the stratifica- 
tion and in the direction of the veins (north and 
south appproximately). 

(r) The Li,mit,>» or Fool lldU. This range of 
small hills which run parallel to the Chiquitas, 
is a product of the same folding which pro<luce<l 
the latter, but is of a later age and nofter strata, 
being composed of a thin laminated calcareous 
shale, ot the Upper Cretaceous, which in places is 
ver^- much metamorphosed, having the apjx.'flrance 
of slate, and so called by the miners. In other 
places they are almost chalky. It is owing to 
this difTerenco in hardness and structure that 
they have yielded mori^ readily to the erosion 
and hence their diminutive size, .At the contact 
piano of this formation of the Lomitos and | 
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that of tbe harder rocks of the Chiquitas there are often im- 
portant miDeral deposits. 

3. The formation of the plain. The formation of the valley of 
tbe Sabinas or plain which extends northward from the Santa 
Rosas is entirely different from that of the mountains, and is 
comi>OBed ( a ) of thin, laminateci, crumbling, calcareous, arena- 
'ceous claj's, alternating with strata of thin sand and limestone 
accompanied by numerous coal beds, lignite beds, silicified trees, 
fossil molluscs and occasional bones of animals. This is the 
great coal formation of the Sahinas and belongs geologically to 
the verj- latest epoch of the Upper Cretaceous, or Glauconitic 
Division, and shonld not be confounded with the lignite beds of 
tiie Tertiarj- period of the eastern United States, but is allied to 
the coal beds of the Rocky Mountain region as worked in New 
Mexico, Colorado, AVj-oming and Utah, and which is one of the 
most valuable and important fuel -producing tcrranes in the world. 
This coal field is tlie only one developed in Mexico, and at the 
mines at San Felipe some twenty miles distant, the cool is ob- 
tained for all the railway systems of Mexico, and largely ex- 
ported into the United States, These rocks are sub-horizontal a 
few miles from tbe mountains, but at their contact with tbem 
they are uptilted, showing their participation in the uplift, and 
that the age of the mountains is Post Cretaceous. 

Before the erosion which ex^Ktsed these foundation measures in 
the plain, they were covered by two later and different formations, 
which will next Ije explained. The whole Rio Grande embay- 
ment is underlaid by this coat formation which is more fully dis- 
cussed later. 

{{,) Th': V'tf/ti/ Conghmrrale or Tcrraccg. Forming a terrace 
or liench of the plain for scleral miles away from tbe mountains 
and extending up the canons to u certain le^el, there is a great 
sheet of conglomerate lying horizontally and composed of large 
rounded pebbles of the monntain limestone, cemented by a cal- 
careous matrix. This conglomerate, as exposed by the cutting of 
tbe arroyos (dry creeks) and -canons, is over 101) feet in thick- 
ness and is the shore deposit of tbe great sheet of water, which 
in late Quaternary times extended over millions of squaremilesof 
western North America, and which is one of the most remarkable 
features of the continent. 

These terraces of the Santa Rosa liave their counteq)art on the 
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□orthem side of the Rio Grande embayment in the great graTel 
debris and estnarine deposits of that region. 

In some of the mines near the contact of this conglomerate 
and the Chiquitas it forms an important element in exca^'ating 
and drifting. 

(c) The Baialtic or roh<ni!c niesiit. Next to the mountaina 
proper the most conspicuous feature of the i^ion is an elongated 
tableland or mesa and a few disconnected buttes, which ext«nd 
northward from the Ijase of the range north of the Chiquitas 
out into the plain. The summit or table of these ia 
composeil of hard black volcanic material, the remnants 
of a great lara flow whicli once covered much of the plain, 
but most of which has since l>een destroyed by erosion. 
This la\-a sheet is not over 100 feet in thickness, and 
extended up to and against the Chiquitas covering the coal fields 
u neon form ably, and having been a most important factor in pro- 
ducing the mineralogical conditions of the area. By its weight 
and heat the lignites of the i^abinas coal fields were converted 
into the superb coals, and the metallic fillings of the veins and 
fissures arc apparently connected with it. Far out into the plain 
towards San Felipe, remnants of this lava flow can be seen, 
although the source from which it came is unknown, for there are 
neither craters, fissures, dikes, iutnisious or other vents visible in 
the Santa Rosas ( although they haie been erroneously reported ) 
and the nearest known to the writer are in I'valde and adjacent 
counties of Texas 150 miles distant. Whatever may have 
been the source of this lava there can be little doubt, from the 
occurrence of the valuable minerals only in those Chiquitas 
in its vicinity, that the origin of the minerals is closely con- 
nected with its phenomena in comparatively recent geological 
time. 

The Santa Rosas are surrounded on all sides by this plain, and 
completely disconnected from the other mountain blocks seen to 
the northwest and east which are all of the same general type of 
structure, i.e., isolated mountain blocks surrounded by plains. 
Hany of the other ranges have [K>rphyritic and basaltic extrusions. 
but the Santa Kosa proper is merely a remnantal block of the 
Cretaceous rock sheets, broken and faulted. It is the simplest of 
all the mountain blocks of the Basin region, and hence I have se- 
lected it for description. 
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ADDITIONAL NOTES ON THE DEVONIAN ROCKS 
OF BUCHANAN COUNTY, IOWA. 

By 8. CiLvnl, lows CII7. 

The present paper is intended as a preliminary notice of some 
observations recently made ou the Devonian rocks of Buchanan 
county, Iowa, In the final paper on the subject references to the 
literature on the Devonian of this part of Iowa, and due credit 
to those who have previously worked in this field, will be given. 

In a paper published in the Bulletiit of tke United Stales Gi-u- 
logical and Geograpkicxil Sitrecg of (Ae Territorifn, Vol. IV. 
N'ltmbera, July 29, 1878, pp. 725-730, I referred, under the 
name of The Independence shales, to a meml)er of the Devonian 
series that at that time was suppo.ted to lie at the base of the 
system in Buchanan county. Later observations render it cer- 
tain that tlie Indepeudence shales do not constitute the lowest 
member of the series, but that they were preceded by brecciated 
limestone of Devonian age. The thickness of this brecciated 
limestone so far as it is developed in Buciianan county, has not 
been ascertained. It is, however, well exiHwed in the bed of the 
Wapsipinnicon river at Independence, At Troy Mills, in Linn 
county, about a mile from the southern boundary of Buchanan, 
it is again exposed. It may be seen at a number of intermediate 
points. A very perfect limestone breccia, having an estimated 
thickness of about thirty feet, and belonging probablj- to the 
same horizon as the brecciated limestones of Buchanan county, 
is exposed in a deep railway cut at Fayette, Iowa. 

So far then as Buchanan county is concerned the exposed strata 
are: 

2. Brecciated Uinrstone. No fossils have as yet been BSen in these beds 
at Independence, but at Troy Mills Id Linn coun^, they conbdn many 
bracbiopods that are characteristic of the lower part of the towa 
Devonian. 

2. The Independence ilutkt, composect largely of bluUb ehalea with 
some layers that are black and highly cBrbonsceoua, and containing occa- 
sional pyritized plant stems and fragments of coal. The pecnliar fauna 
of these shales and its Interesting relation to the fauna of the Rockford 
shales along Lime creek In Floyd and Oerro Oordo counties has been 
discussed in the article above cited, 

3. Gyrocerat beds. These are beds of rather hard, compact limestone a 
few feet in thickness and containing numerous specimens of a large 
Ggroe^ra* with which are associated robust forms of Gypidutji acciden- 
UdU Hall, or Pentniiw.na C'/inU Owen, of Wolcott and some other authors. 
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It may be Interestlog to state that this same OyTourat and Btmilar robust 
forms of Ogpiduia occur in the brecclated IfmoBtone at Troy Mills. 
About a mile east of Independence the Ogroeerat beds may be seen rest- 
ing on the Independence Hhalee. In (be old Kllduff quarry, northeast of 
the city, where the shales were explored for co&l, the Qyroceras beds 
were penetrated, and the "petrified snakes" attracted much attention. 

4. Spirifera pennata bed*. At Independence these beds are about twen- 
ty-five feet In thickness aud cooaist of light-colored, soft, argiiiaceous 
limestones. Spiri/tra penruita Owen, is the characteristic fossil, but 
associated with it»x% S.bimftialit Hail,.4(riiparrt<cu?orMLlnn, Aa*p#ra 
var. oceidentali* Hall var., Cyrtiaa hnmilloneati) Hall, ProducteUa alata 
Hall, Oypidvia oeeidentidit Hall, Orthit ioiceruU Hall, OriKi* maffitrhtnei 
Meek, Strophodonta dtmisfi Conrad, a large undescribed Chonetei and a 
few other forma. The fOBollB are almost exclusively bracblopods. The 
AlTj/pa reliculari* la a very finely ribbed variety with a tendency to be- 
come alate at the cardlno-lateral angles, and having a form that Is de- 
cidedly lenticular, particularly in the young and half grown individuals. 
The Cyrtinn h/imittontniii is identical in size and shape with the form 
found in the Hamilton strata of New York and western Ontario. The 
Slrophodonta demUm Is a small, short-hinged, arcuate form, with broad 
flattened ribs. The Spirifera pennata beds are seen in the banks of the 
stream at OttervUle, a few miles north of Independence. They are also 
seen on the west side of the river near Quasqueton, ten miles to the 
southeast; at a number of exposures near Troy Mills, eight miles farther 
to the southeast and at intermediate points. Some of the layers In- 
cluded under number 4, are destitute of fossils, but the species enumer- 
ated will be found both above and I>elow the barren layers. 

5. AftreitUirin pnifunda beds. At Independence the Bpirifera pennata 
beds grade upwards into beds of harder limestone In which brachiopods 
are scarce and corals of a variety of species predominate. Gyitiphyllum 
amerir^nam Ed. and H. Is at first the most abundant With it, however, 
occurs very sparingly UdinphylUim k'lUi Ed. and H. There Is also a 
Cyathophyllum or two, and eventually large numbers of Arerrnlnria 
profunda Hail. Within the limits of the city of Independence the up- 
permost layers usually reach only Into the 7.one of Cystiphyllums, but 
occasionally the upper beds Include Aetreulnria profiiiida. From a mile 
to a mile and a half east of the city this last species is quite abundant. 
At a quarry near Jesup, about nine miles west of Independence the A. 
profunda beds are well developed, but it is at Littleton, slmut ten miles 
northwest from Independence, thai they are seen in greatest perfection. 
About a mile south of Littleton a " dry run," that becomes quite a tor- 
rent in rainy weather and at other times is a mere dry channel, has cut 
into the A. profunda beds. The matrix here is much softer than at 
Independence and the corals are beautifully weathered out. Along with 
,4. prn/undit occur excellent specimens of Cy^ijihylbim, CyaCAophyll'iin, 
ZiphrenliH, Fiirotitet, Vladopom, (,'ienil''», t^trnnuitupiim and other genera. 
At Independence the corals separate from the matrix with extreme difll- 
culty and satisfactory specimens are rarely obtained. In the banks of 
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tbe river, just below the mill at Llttletou, the Acerrularia profunda beds 
rise only a few feet above the level of the water. Farther down the 
strsam thej are better eKposed. 

6. Ai-Arc'diiria aatidaaui 6erf». These bed* He upon the A. profunda 
beds. The transition from one apecies of Acervultrla to the other le 
"very abrupt. There are layers crowded with A. ;^rn/unrfi( Hall, la the 
loner part of the bank of the river, and two or three feet higher the 
rock is simply a compacted mass of A. itiiridtonC Ed. and H. The two 
-apeciea never occupy the same layer, and furthermore tbe two are here 
as distinct as any two species of tbe same genus could be by any reason- 
able possibility. In mode of growth, size and depth and essential char- 
acteristics of the calyces of the individual corailites, development of 
the septa, and indeed in all particulars thatmakeupspeciflcdistinctions, 
A. pnrfiind'i Hall, and A. duriilgoni FA. and H., are at leaat at Littleton, 
Iowa, BpeciScally far apart. This much is said for tbe reason that so 
eminent an authority as Romiiiger regards A. profiindii as merely a 
variety of the spetleH A. liaridtoifi. 

In layers associated with tbe A. davldsonl beds, though not in the 
same layers with the corals, are found specimens of fi/tirifrr't parryaii" 
Hall. As I have elsewhere observed* the beds that furnish S. parrytiit/i 
always lie above those in which S. pennutii occurs. This relation is well 
Illustrated in tbe rocks of Buchanan county. Along with A. davidsoni 
occur a number of species of Fum^ite' and one species of CbinwphsUiiui. 
The same Furneiteg and ChonophgUiuii are associated with A. il'iriihoni 
and S. jmrrj/iina at Iowa City, in Johnson county, Iowa. The A. david- 
soni beds at Littleton furnish some beautiful examples of PfiiUiuifrelln 
d'ibiii. Hall, a species that occurs at the same horizon near Iowa City. 
Neither Atrypn ntpf.rii nor any form of spinlferous Atrypa, is known 
from beds, number 0, either in Buchanan county or elsewhere in Iowa. 
These beds with their A. diicidiiom.Fueoii(eii,Hpiriferap<irrs(i»ii,KaA 
other distinguishing characteristics are well developed along Lime 
creek, near Brandon, in the southeast comer of Buchanan county. 

7. YeU'iw »hiile bnh. At a considerable distance above the A. david- 
soni beds, with protiably some characteristic beds between, occurs a bed 
of yellow colored shales. These shales are exposed well up in the river 
bank below the mill at Littleton. The fauna is peculiar in this respect, 
that nearly all the forms are strangely modified. Atrypn Mieiituru Linn, 
is very coarsely ribbed, with the ventral valve flat or concave and the 
dorsal valve excessively gibbous, contrasting strongly with the form from 
the Spirifera pennala beds. StntphiitniiUt di-iiutm Con., Is large, tbe 
hinge line often exceeding two inches, and the width of the shell (re- 
(juently more than twice the length. Vgrlimi hiiniltoiinini* Hall, is a 
diminutive affair having, on an average, less than one-fourth the normal 
dimenaionH. A Spirifer which may be a modified S.jjiio'j/.'iix, but de- 
serving to rank as a distinct species, has the hinge area much n 

•Xolu oa Itf ^unOBumv, C/iaraffi-i auH riMrlHulloa of Splrtf^ra pai 
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tb&n in S. pitrryuna, and the mesial fold divided by a deep groove. These 
beds also furnish a Terebrotula that may be representative of T. iovxnait 
Calvin, found In association with S. piirri/aiiii near I'^yette, Iowa. An 
Otthis related to O. ioicenait Hall, a small, undetermined RliynctiODella 
and numerous stems of Strlatopora, complete so far as observed tile 
fauna of beds, number 7. 

In addition to the seven beds liere reeogaized the Devonian of 
Buchanan county embraces beds containing Remselaria johanni 
Hall and Whitfield, but the relation of the Rensselaria beds to- 
the beds above describeti has not been definitely ascertained. 
Rocks with Bensselaria are in place at Fairbanks above Littleton, 
and some detached fragments containing this genus were found 
at Littleton and at Jesup. 

The fossils found in numbers 5, 6, and 7 resemble very closely 
the assemblage of species cited by Messrs. Hall and Whitfield in 
the twenty-third report on the state cabinet of New York, p. 224, 
as occurring at Waterloo, Iowa. The Spirifer from the shale beds, 
number 7, sometimes resembles very closely S. oictni and again 
it is not unlike certain forma of S. muHni. In the paper cited, 
p. 225, Hall and Whitfield infer that the Waterloo beds are more 
nearly relatetl to the Upper Helderberg limestones of New York, 
while the Independence betls that contain Spirifera pfimata may 
in their judgment be the representative of the Sew York Hamil- 
ton. The observations set forth in this paper clearly demonstrate 
that the coral bearing beds at Waterloo are younger than the 
Spirifera pennata beds at Independence. 



THE ICE-SHEET OF GREENLAND. 

Bv Warkem L'phav, Soni?r\-ltle, Uhss. 

A Ret<*anoiii»iinre iif the Oreeiilnnd Inlanil Ice. R. E. Pkabt, Civil 
Engineer, U. 8. Navy. Bulletin of the American Qeographlcal Society, 
vo). xix, pp. 241-380, Sept. 80, 1887. 

r^ GUicien of Oreenlnnd. Prop. Or. P. Wright, The Ice Age In North 
America, chap. Iv, pp. 67-91. < D. Appleton & Co., 1889.) 

The First Crottiny of flretnland. By Fridtjof Nausen. Vol. I, pp. 
Slit, 510 ; with 3 maps, 7 plates, and 78 woodcuts in the text. Vol, 11, 
pp. X, 500; with 3 maps, 5 plates.and 78 woodcuts. (London: Longmans,. 
Green & Co., 1800.) 

Apropoted Exploraiion of northern Oreenlnnd. An address before the 
American Geographical Society, April 13, 18S1, by R. E. Psary, U. S. N. 
Bu:.,, Am. Geog. 8oc., vol. xxili, pp. 157-171, June 30, 1891. 
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J</ur»ey» on the Tnliinit Ire. Compiled by Gkokob C. Hi'rlbvt, 
Librarian of the Society. Ibld„ pp. ITl-lOS. 

T/ie PaTtg and the Outfit for the Grrriiland Jouriuy. By R. E. PiAiir, 
Ibid., pp. 2H-26G. 

Many queutions concerning tbe glacial drift and the Pleistocene 
ice-slieets of North America and Europe have recently received 
much illumination, with promise of more in tbe near future, from 
contributions to our knowledge of the ice covering llie interior of 
Greenland. Wherever that country has been explore<l, the edge 
of an ice-sheet is reachetl within distances varying from a few 
miles to fifty or rarely a hundred miies l)ack from the coast; and 
the icebergs of the North Atlantic are supplied by the glaciers 
which descend from tbis inland ice to the heads of the long and 
narrow, deep fjords, and in part by tracts of the broad ice-sheet 
itself where it extends quite to the outer coast line and terminates 
in tbe open sea. Peary estimates the area of Greenland to 1* 
about 750,01)0 sfiuare miles, of which he believes that foiir-flfths 
or altout 600,000 square miles are thus ice -enveloped. The Ant- 
arctic ice-sheet, however, surrounding the south pole, is nearly 
ten times larger than this; and in the Pleistocene period Itoth the 
North American and European ice-sheets occupied areas more exten- 
sive than the inland ice of Greenland, though less than the 
southern polar ice -cap. 

Comparing the existing with the ancient ice-sheets, the low 
borders of the Antarctic lands, covered with a vast expanse of 
ice which stretches far into the sea and is broken off in tabular 
or liroad and flat l)crgs. may be supposed to represent nearly the 
Pleistocene ice-front as it was pushed into the Atlantic on one 
side from southern Xorway, from the basin of the North sea, 
from Scotland, the Hebrides, and Ireland, and, on the other side, 
from Newfoundland, Nova Scotia, and the eastern shore of New 
England, But the monntainons iKtrders of Greenland, dischai^- 
ing icelxirgs of every irregular shape from its fjords and from 
portions of the icp-sheet that here and there reach to tiie ocean, 
seem to fall short of the grandeur of all the seaward limits of the 
old iee-shcets, though most nearly resembling their development 
on the nigged shores of northern Norway, of northern Labrador, 
and of Dritish Columbia, where the ice flowed through gaps of 
the mountains forming these con.sts and their islands and termi- 
nated beyond the present sealxiaitl. 
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Profesaor Wright's chapter, "The Glaciers of Greenland," 
well reviews tiie early explorations, previous to Pear), including 
the journeys and writings of XonlenskilMd, Jensen, Helland. 
Bink, Kane, Hayes, ^Vhympe^, and others. The most important 
of these journeys were by NordenskiUld, in 1870 and again in 
1883, the former lieing rei)orted in the Geological Magazine, vol. 
ix. 1872, and the latter in Science, vol ii, Dec. 7, 1888. Dis- 
tances, however, were much overestimated in these reports, and 
appear to be more reliably gi\ en l)y Nansen in his chapter de- 
scribing the explorations -of the inland ice previous to his own 
memoral)le crossing of Greenland. 

Nonlenskinld's journcj- in July, 1870, to the east from the 
head of Aulatsivik fjord, near lat. 68° 2(1', is estimated to have 
extended about 35 miles upon the ice-sheet, and the altitude 
reached was 2.200 feet. Large streams on the ice-surface were 
encountered, '-which could not be crossed without a bridge." 
Beyond the point of turning back, '-the inland ice continued 
constantly to rise towanls the interior, so that the horizon towards 
the east, north, and south, was tci'minatcd by an ice-liorder 
almost as smooth as tliat of tlie ocean." h. fine, gray powder, 
called "cryoconite." which was Ijelieved by Nonlenskil^hl to be 
cosmic dust, was found on the ice; l>ut analyses indicate that 
this is dust l)Iown from the mountains of the coast, and it 
does not occur in noticeable amount, acc<)nling to Nansen, on the 
eastern portion of the ice-slieet where his ascent was made upon 
ice bordered liy only little bare land. 

From nearly the same starting point, NonlenskiJlld in July, 
18S3, went onto the ice-sheet alK>ut TA miles, to a height of about 
4,950 feet: and two Lap]>s, travelling with the i)ecu]iar snowshoes 
called -'ski," adviinced a probable distance of 45 or 50 miles 
farther, where the barometers indicated a height of 6,386 feet. 
Land in the interior, free of ice and Ijcaring vegetation, which 
NonlenskijVld hoped to reach, was not founds and no nunatak, or 
projecting top of hill or mountain, al)Ove the ice-surface has been 
yet discovered more than forty or fifty miles inside the ice-cov- 
ered area. 

Robert K. Peary, in Juue and July, 1886, accompanied by 
Christian Maigaard, made the next important exploration of the 
Inland ice, going east from the head of Pakitsok fjord on the 
northeast part of Disco hay, in lat. Ofl° 30'. These explorers 
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advanced to a distance of about 100 miles from the edge of the 
ice, attaining an altitude of about 7,500 feet. Describing tlie 
firat ten miles of the ice, Pearj- writes: — "In detail, the surface 
was, aa a rale, roughlj' granular in texture, affording firm, sure 
footing, interrupted here and there by crevasses, some open and 
some covered with a snow arch by patches of soft, deep snow 
in the depresaione between the hummocks, and by patches of 
hard ice cut by nearly parallel furrows, as if made by a huge 
plough." The camp at the end of their advance was in a shallow 
basin of the nieS of snow which covers" all the inner portion of 
the ice- sheet, there having, to use Peary's words, "the consist- 
ency of fine granulated sugar as far down as I could force my 
alpenstock (some six feet). " 

The margin and the interior of the ice-sheet are characterized 
l>y Peary as follows: 

Wherever the ice projects down a valley in a long tongue or stream, 
the edges contract and shrink away from the warmer rocks on each side, 
leaving a deep canon between, usuallj occupied by a glacier stream. 
• • • * Higher up, along the unbroken portions of the dam \i. e. 
enclosing mountains] where the rocks have a aouthem exposure or rise 
much above the Ice, there la apt to be a deep canon between the ice and 
the rocks; the ice-face sometimes 80 feet bigli, pure, pale-green, and 
flinty. In another place the Ice-face may be so striated and discolored 
as to be a precise counterpart of the rock opposite, looking as if torn 
from it by some convulsion. The bottom of the canon is almost invarl-. 
ably occupied by water. * * • * Still farther up, at the very crest 
of the dam, the ice lies smoothly against the rocks. 

As to the features of the interior beyond the coast-line, the surface of 
the " Ice-bllnk " near the margin is a succession of rounded hummocks, 
steepest and highest on their landward sides, which are sometimes pre- 
cipitous. Farther in, these hummocks merge into long flat swells, 
which in turn decrease in height towards the interior, until at last a flat, 
gently rising plain Is reached, which doubtless becomes ultimately 
level. 

In concluding the narrative of this journey, after describing 
the needful outfit, Peary remarked: — "To a small party thus 
equipped, and poaaesBed of the right mettle, the deep, dry, un- 
changing anow of the interior • * • ia an imperial highway, 
over which a direct course can be taken to the east coaat." It is 
also suggested that the unexplored northern shore lines of Green- 
land may be most readily mapped by expeditions across the high 
inland ice. 
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Two jeare later, id August and September, 1888, I>r. Fridtjof 
Nan»en, with five companions, crossed this ice-sheet from east to 
west between lat. 64° 10' and 64" 45'. The width of the ice 
there is about 275 miles, extending into the ocean on the east, • 
but terminating on the west about 14 miles from the head of 
Ameralik f]ord and 70 miles ^rom the outer coast line. For the 
first 15 miles in the ascent from the east, rising to the altitude of 
1,000 meters, or 3,280 feet, the average gradient was nearly 
220 feet per mile. In the next 35 miles an altitude of 2,000 
meters, or 6,560 feet, was reached; and the average gradient in 
this distance, between' 15 and 50 miles from the mai^in of the 
ice, was thus about 94 feet per mile, or a slope very slightly 
exceeding one degree. The highest part of the ice-sheet, about 
112 miles from the point of starting, was found to have an alti- 
tude of 2,718 meters, or about 8,921) feet. Its ascending slope, 
therefore, in the distance from 50 to 112 miles was about 38 feet 
per mile. Thence descending westward, the gradients are less 
steep, averaging about 25 feet per mile for nearly 100 miles to 
the altitude of 2,000 meters, about 63 feet per mile for the next 
52 miles of distance and 1,000 meters of descent, and about 125 
feet per mile for the lower western border of the ice. 

The narrative of this expedition is most admirably told by Dr. 
Nansen in two well illustratetl volumes, entitled ."The First 
Crossing of Greenland." The scien title results attained are pre- 
sented in an appendix of the second volume, from which the fol. 
lowing extracts are quoted: 

As to the Buperftcial aspect of the inland ice, I may eay, in the first 
place, that of crevasses we found s Hurprlsingly smsH number in the 
course of our journey. On the east side they occurred only In the first 
seven or eight miles; on the west aide we came across the first fissure at 
some twenty-five miles from the margin of the Ice. In the interior 
there was no trace of them. 

Of surface rivers we found practically none. Some may be Inclined 
to think that this was due to tbe lateness of the season, thong h this 
objection has little force, seeing that the middle of August, when we were 
on the east side, U not late In the season as far as regards the melting of 
the enow, and furthermore, that even If the rivers had disappeared 
themselves on the west coast, we should have seen traces of their chan- 
nels. None such did we see in the Interior at all, and the first we 
observed were not more than fifteen or twenty miles distant from the 
western edge. It is possible, also, tnat there wece minor brooks on the 
surface in the first ten miles from the eastern side. Except for these 
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small watercourses near tbe two couCs, I maj say positirsly tbat there 
are do rivers at any time of the year od that part of the Inland ice over 
which we passed. 

* * * At DO great distance from the east coast the surface of dry 
snow begins, od which the sun has no other effect than to form a tbia 
crust of ice. The whole of the surface of the interior Is precisely the 

Of mon^De dSbtls or erratic blocks we met with none upon the ice 
with the exception of the last little slope when we left it for good on 
the western side, or no more than a hundred yards from the extreme 
edge. * • •■ 

* • • Some of the temperatures which we experieaced were far 
lower than the established meteorological laws could have led us to 
expect « • * * The temperature on certain nights, September 12 
and 14, probably fell, according to the calculations of Professor Mohn, 
to — 16'' Cent. (—49° Fahr.), while the mean temperature of certain days, 
September 11-16, when we were about In the middle of the couDtry, or 
a little to the west of the highest ridge, varied from— 80" Cent, to— 34" 
Cent. (—23*' tO-SB" Fahr.). This is at least W Cent. ( 86" Fahr.) lower 
than anyone would have been justified la expecting, If he had based hia 
calculations on accepted laws, taking for his data elevation above and 
distance from the sea, as well as the mean temperature of the neighbor- 
ing coasts. 

* * * In the forty days which we spent on the Ice there were six- 
teen of either snow or raia. On four days only did we have r^D, when 
we were weather-bound la the tent near the east coast, and on one day 
near the west coast we had hall; on the rest it was always Bdow, which 
Id the Interior took the form oF fine ' frost snow,' or needles of ice. This 
fell almost dally out of a half-traos parent mist, through which we conld 
often see the sun, together with halos and mock-suas. 

Though the ice-aLeet of Greenland has formerly ijeen more 
extended and deeper than now, as is shown by glaciation of the 
rock surface high up on the sides of the fjords, it has probably 
during severai centuries l>een on the increase. There can be little 
doubt that the climate at present is prevailingly colder than dur- 
ing the prosperous period of the Norse colonies between 900 and 
500 years ago. By its increasing accumulation, therefore, we 
may account for the contrast between the Greenland ice, which 
has so-little englacial and saperglacial drift, even near its edge, 
and the partially drift-buried Halaspina glacier at the foot of the 
Mt. St. Elias range (Am. Geolooibt, vol. vii, pp. 33, 141); for 
there, according to Rassell, the ice hae probably been on the 
wane during the past 500 or 1,000 years and at present is some- 
what rapidly receding. 

Neither Pear}- nor Naoaen is willing to rest on laurels already 
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won. Un June 6th of this year, with five joui:^ men and his 
wife to Bfaare the perils kA this expedition, Pearj' sailed from New 
York for Whale sound, westsin Greenland. After advancing to 
the Humboldt glacier and establishing a depot of supplies there, 
his plan is to return and spend the winter at Whale sound, in the 
vicinity of friendly Eskimos. In the summer of 1892, he will 
set out with sledges and dogs toward the northeast upon the 
inland ice. Portions of the supplies will be left on the route 
northward at Petermann fjord and the Sherard Osborn and Meigs 
fjords, and thence the party will push forward, as is hoped, to 
the extreme northern point of Greenland, an estimated total dis- 
tance of about 600 miles from the Humboldt glacier. Peary 
expects to accomplish this journey and the return within ten 
weeks, travelling fifteen to twenty miles per day; and he hopes 
to reach Whale sound a%%\a in season for passage home on some 
whaler before winter. 

Nanaen's plan for an Arctic voyage of perhaps five years, 
starting early in 1892, is explained by himself in The Forum 
(August, 1891, pp. 693-709, with map, — followed by an unhesi- 
tatingly adverse criticism, by Gen. A. W. Greely, pp. 710-716). 
With a crew of ten or twelve, Nansen proposes to sail through 
Bering strait and thence northwestward nearly in the course of 
the ill-fated " Jeannette," until the marine current is reached by 
which drift-wood from Siberian rivers is l>ome away to be stranded 
in Greenland, and by which also an ice-floe, with relics of the 
Jeannette expedition upon it, was carried in three years by some 
passage across the polar ocean to the southwest coast of Green- 
land near Julianshaab. Taking this current, with the ship frozen 
in the floe-ioe during winter, Nanaen hopes to drift by the near 
neighborhood of the pole and southward along the east coast of 
Greenland; for the floe mentioned, bearing articles from the 
Jeannette, b believed to have passed around Cape Farewell. If 
the ship should be lost, the party will encamp on the floe-ice with 
their provisions and boats, and will expect thus to reach per- 
chance some inhabited portion of the Greenland coast. 

Both these expeditions are to be led by young men, whose 
^ithnsiaam is bnghtened by their previous success in similar 
tasks; and the experience thus acquired will all be seeded for 
these enterprises of so much greater difflculty and danger. Id 
wishing to them each "Bon voyage! " we cannot do otherwise 
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than admire their splendid courage and devotion to science; but 
at the same time we cannot fail to remember the proverb, 
"There's many a slip twixt the cup and the lip," for no Other 
conditions could more suggest it than the slippery, crevaased ice- 
sheet, and pinching, crushing ice-floes of great thiclcness and 
piled together, driven capriciously by winds and sea currents. 



AN EPISODE IN THE PALvCOZOlC HISTORY OF 
PENNSYLVANIA. 

E. W. Ci^vpoLK, Aktou, O. 

In an article printed in The Geoloqist for the month of April, 
1890, the writer sketched the palieozoic history of Pennsylvania. 
The sketch was the merest outline. Saperficial it could not but 
be, for our knowledge of the subject at present warrants no more- 
ambitious attempt All details were omitted, indeed few are 
known. Whole chapters of geological history will one day be 
written on these as they gradually come to light, but at present a 
dense darkness hangs over the field allowing bat a dim view of th& 
moat prominent features of the landscape. 

One of these details, forming a single episode in the palaeozoic 
history of the Kej-stone State, will be the burden of this paper — 
an episode that may help us to realize the immense length of 
paUeozoic time and the complexity of paleozoic history. 

Among the Devonian strata that are conspicuous for their ex- 
tent, thickness and fossil treasures, is the Hamilton group, so 
named by Prof. Hall. This group, as known in western New 
York, is for the most part a mass of shales enclosing a thin bed of 
limestone — the Encrinal limestone — and capped by another thiiv 
bed — the Tully limestone. It is thus arranged : 

4. 'fully limestone. 

3. Moscow shales. 

2. Encrinal limestone. 

1. Blue shale. 

This is the original and typical section of the Hamilton group. 
But &om this it varies even within the limits of the stat« of New^ 
York. Eastwardly it contains a thin bed of sandstone from whicb 
the excellent flagging quarried on the Hudson near Kingston, etc , 
is taken, and still farther east in Maine aAd New Brunswick the 
shale gives place almost entirely to sandstone. 
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A similar departure from the type occurs in middle Pennsyl- 
vania. There, in Peny county for example, tlie Hamilton com- 
prises a lower shale followed by a massive sandstone on which lies 
an upper shale closely resembling the lower in texture, material 
and general appearance. No limestone is present 
The section therefore in detail is as follows : 

Hamilton upper shale SSO Teel 

" sandstone 800 " 

" lower shale 450 " 

1,500 '■ 
The intercalation of this enormous mass of hard saodstone In 
the Hamilton group gives it a Strange aspect to one only accus- 
tomed to see it as it appears in New York. As may be inferred it 
-changes the character of the surface where it crops out from a 
gentle rolling rounded contour to one, rough, wild and wooded 
and generally incapable of cultivation. 

This sandstone prevails over several counties but reaches its 
maximum thickness in Perrj' Co., where it is thus described in the 
writer's report (Fg of the Geological Survey of Pennsj'lvania). 

"The Hamilton sandstone Is one of the most remarkable formations 
■of Perr; counter. Ljlng In the midst of a vast mass of shale It has the 
appearance o[ being out of place to the seologlst accustomed to look on 
the Hainillon as essentially a soti group. 

"It forms numerous mountains in the county. Turkeyrldge, Buffalo 
ridge, Mahanoy ridge, Dick's bill with Its continuation. Rock hill, also 
Plsgah hill and Little mountain are all formed b; outcrops of this sand- 
stone. Some of these are high, rough and untillable; others are com- 
paratively smooth and accessible. This difference Is due to two cnoses 
— the hardness and the dip of the sandstone. The proportion of sand 
also rapidly diminishes to the north and west especially In the middb' 
«f the bed, diminishing the steepness and roughness of the ridges. 

"At Itssoulheaeternexposurenear Marysvllle this sandstone attains Its 
greatest thickness and hardness — a thickness amounting to 800 feet. 
From this point It gradually thins away, the upper and lower beds per- 
sisting farthest and the IntermedUte shale becoming constantly thicker 
until at length it becomes two distinct sandstones with an Intervening 
bed of softer material. This change may be detected In Perry county. 
At Montebello Narrows the Little Juniata has cut Us way through the 
lower beds and has then flowed tor nearly halt a mile parallel to the 
ridge and between the two sandstones, at length crossing the upper and 
thus producing a ilgiag channel. But outside the limits of the county 
the change becomes more manifest. At and near Huntingdon tlie two 
sand layers may be distinctly traced only a tew yards thick, the upper 
being the heavier. The great mass of the bed has become shaly. This 
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Is odI; 00 miles Irom Us point ol groateBt development on the Susqae- 

"The H&millon sandstone Is therefore a mass of coarse siliceous mate- 
rial Intercalated near the middle of the group and spreading fanwise as 
from a center near Marjrsvllle, dying away and at lengirh disappearing 
as It receded from the point." {p. ST.) 

This will give a general description of the structure and mass of 
the Hamilton sandstone. The following is from Prof. I. C. White's 
report of Huntingdon county, and shows how the stratum occurs 
there. T, p. 105; 

Hamilton upper shale 350 feet 

" upper sandstone ._ 30 *' 

middle shale 335 '* 

" lower saudswne (hard) 50 ■' 

" lower shale 75 " 

Thus we see that the massive Hamilton sandstone of Perry Co. , 
800 feet in thickness, has in Huntingdon Co. dwindled down to 
two comparative!}' insignificant sheets of EtO and 75 feet thick re- 
spectively and separated bj' 225 feet of shale. 

The same type of structure is shown in Northumberland and ad- 
joining counties aa we find from Prof White's report (6^ p, 77, 
etc.) He says in speaking of the countrj' east of the eastern 
branch of the Susquehaua : 

"The type of (he Hamilton scries Is remarkably similar to th« cor- 
responding beds in western New York both Id llthology and in the ac- 
companying fossils." 

Again he writes : "The middle type of the Hamilton comes In after 
passing south from the Northumberland synclinal and may be found on 
both sides of the Sellnsgrove arch which crosses the river about lire 
miles below tSun bury. The section on the south side of that axis exhibits 
a structure for the Hamilton quItRdlfferent from that shown In Columbia 
county." 

Olive-brown shales 450 feet 

Selinsgrove upper sandstone , 303 ■' 

Dark olive shales 13S " 

Seliiisgrove lownr sandstone S " 

Brown and dark shales , 800 " 

Again Prof. White writes: "The southern typeof tlie Hamilton beds 
Is reached after passing south of the Georgetown axis near the southern 
borderof Norlhumberland there being a progressive coarsening of the 
series In that direction from the locality of the last section near Sellns- 

Sellnsgrove upper sandstone.. 100 feet 

Olive-brown shales 300 " 

Sellnsgrove lower sandstone SO '■ 
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Prol. White adda : " The S«ilDSRrove upper sandstone ia one of those 
Interckl&ted beds which here makes Its appearauce In the middle of the 
Hamilton group and Is so thick and massive as to chaoRe entirely the 
character of the topography, for Instead or a wide level valley as In 
the north. It is now found making a high ridge along the strike o( this 
sandstone. There is not an inch of this sandstone represented in the 
bed on PIshlnB creek. (Fishing creek drains nearly all ot Columbia 
Ca Dorlb of the Susquehana and is therefore to the northeast of North- 
umberland Co,)" 

Again we fiod ia Mr. Platt'a report on Blair Co. the following 
evidence. (T, p. 31) : 

" In Blair Co. the whole of the Hamilton formation Is composed of 
dark shale with calcareous layers." 

And further Prof, Lesley adda a note in the report of Rye 
township {F, p. 310) to this effect : 

"Tbe outcrop of the Hamilton sandstone crosses the Susguehaana 
river eastward from Perry Co., and runs thruugh Dauphin, Lebanon and 
Sehuylktll counties," that is northeast ward. 

It thus appears that tbe Hamilton sandstone gradually thins 
away from a point near or on the south line of Perry Co. , to the 
northeast, north and northwest, in which directions alone it can be 
traced. In thus thinning out it splits and becomes a lower and 
an upper sheet of which the latter is the more persistent, extending 
even into Northumberland, whil^ both underlie much of Hunting- 
don Co. Its oolor is usually gray or whitish, seldom yellow and 
never red, and it is usually not very hartl. It is not conglomeratic. 

At tbe south line of Perry Co. it stands vertical and is even 
somewhat overthrown aa may be seen upon the Susquehanna a few 
miles north of Harrisburg. When this is the case it forms very 
rough and almost mountain territory. Its southernmost outcrop 
is known as Little mountain and is cut by the Pennsylvania Rail- 
way near the bridge across the Susquehanna at Rockvillc. 

How much farther it may hare extended to the southeast is of 
course unknown. The contortion and erosion which the country 
has suffered since its deposition hai'e utterly destroyed all trace of 
it Moreover along the line of its last southern outcrop in Little 
mountfljn lies apparently the edge of a great overth rust plain which 
has brought the Onondaga red shale against the Hamilton sand- 
stone, cutting out, that is covering up, the intervening strata 
though a thonsand feet in thickness. These only reappear to the 
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eastward near the Labanon Co. line after a coDcealment of 20 miles. 

So lai^ a semilenUcular mass of sandstone intercalated in a 
group of soft strata must have had some local cause and in seeking 
this we may be aided by recalling the geography of Pennsylvania 
at the time under consideration. 

In the early Devonian era tbe interior states, generally speaking, 
consisted of an open ocean extending from the Atlantic land on 
the east in what is now eastern Pennsylvfuiia to an unknown dis- 
tance westward and limited to the northward by the Archiean High- 
lands of Canada. In this palseozoic ocean a gentle elevation was 
taking plaue aloag a line from northeast to southwest through 
Ohio, whereby what is now known aa the Cincinnati ridge or arch 
was brought into existence. Ultimately, and probably before the 
Devonian era closed, this ridge partly severed the eastern portion 
of this ocean from the rest and formed the Appalachian strait or 
gulf. The continued Bubsidence of this strait or gulf allowed the 
deposition in it of sediment from the adjoining land on tbe east 
but the nature of the sediment on the area now in question would 
indicate by its fineness, being mostly aandy shale, that the land 
was not very near, or if near not very high. The latter is more 
probable. Such deposits do not indicate shallow water or strong 
currents. Tbe actual mai^n of the Appalachian gulf or strait 
has apparently been destroyed by the corrugation and erosion that 
have ensued, so that the preeeut Hamilton deposits are those which 
were deposited off shore, but neither in deep water nor on the 
border of the land. 

But so great and sudden a change In the nature of the strata 
implies soiue great and con-esponding change in the physical 
geography and especially in the attitude of the land — a change 
that would allow the Hamilton sea to assort and arrange coarse 
sand where it had previously deposited only fine shale. 

The arrangement of this sand appears to indicate a center of 
distribution from which it was spread over tlie whole ta%t. that it 
now occupies and it seems a not improbable supposition that this 
centre was the mouth of some large river which bore into the Ap- 
palachian sea its tribute of sand and mud. The former was as- 
sorted and distributed over the region around tbe river-month, and 
the latter carried out to a greater distance where it ultimately be- 
came a bed of shale. That the ancient Atlantic land was drained 
by a system of streams goes without saying, and it may l>e that 
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•via here catch a glimpse of one of them, or at least of the place 
where it entered the aca. 

Id making this supposition to explain the occurrence of the 
Hamilton sandstone, it is not at all necessary to assume that this 
ancient river came into existence at that epoch and then passed 
out of beiog. Far from it The river may have existed ages be- 
fore that day and may have continued to flow long after the Ham- 
ilton era passed away. All that is necessarj- is to suppose an ac- 
cession to its carrying power. And this is not difBculL The 
palieozoic geology of the eastern states indicates beyond all doubt 
constant and great oscillation of the land and the sealied. Inter- 
mittent depression to immense extent caused the accumulation of 
the massive setliment of that era. Such accumulation likewise in- 
directly proves elevation of the land, for had not this taken place 
the whole area must have been eroded and removed. It is less 
easy to detect elevation of the land than depression of the sea 
bottom, because the former leaves no direct evidence of its occur- 
rence. But if the Hamilton sandstone is in truth the monument 
of some old and extinct river, it records a time when through ele- 
vation of the coast the eroding and carrjing power of that river 
were lai^ly increased so as to form the Hamilton lower sand- 
stone. Next it indicates a time when probably by the work of 
the river, but possibly by ensuing subsidence, the current was 
again slowed down and the sand dropped near shore, its quantity 
being also diminished. Thirdly, it reveals another sharpening of 
the stream by a second elevation whereby it was enabled to erode 
from the land and scatter over the ocean bed the Hamilton upper 
sandstone thicker than the lower. Lastly, the acUon of the river 
destroyed its own velocity hy eroding its cliannel or a second sub- 
sidence ensued with the same effect. 

All these episodes are to be read with great probability in the 
Hamilton sandstone, and if our argument is well founded we gain 
a peep at one of the changes of which the paleozoic era was made 
np. 

Possibly though this is little more than a supposition ; the ab- 
sence of lime from the Devonian formation through this part of 
Pennsylvania may be an indication in the same direction. The 
beils show a preponderance of the earthy and mechanical over ttie 
chemical deposits such as is usual near the mouth of a river where 
the wash from the land predominates over all other materials. 



I .y Google 



158 The American GroltigUt. sepicmbcr, iMi 

Tbe fauns of the Hamiltwi in middle Pennsylvania oontaios the 
following species : 

BmchUipoda. 
Spirirera zlczac Hall. Strophodonta perplana Con. 

>' mucroDKta Hall. Strophomeiia rbomboldalls Wahl. 

" medlalls Hall. Orlhls penelope Hall. 

" ai^umlnats Hall. Chonetes aetigerus Hall. 

" granullfera Hall. " coronatus Con. 

Rhynchonella hnrsfordl Hall. Tropldoleptus carinatus Hall. 

" congregata Conrad. Atrypa reticularis L. 

Rensselteria sp. 
PteropofUi. 
Tentaculltes attenuatus Hall. 

Lamellibm nchtabi . 
Olyptodesma rectum Con. AcUnodeama aubrectum Whit. 

Aviculopecten princepsCon. 

QiiKteroiMda. 
Loxonema delpbiuola Hall. 

EchhuxUrmntii. 
Ancyrocrlnus bnlbosus Hall. 

Cephiiliipoila. 
Naiiillusllratus Hall. 

Cnistiiceii. 
Phacops raiia Green. Homalanotus delphlnoccpbalus Green. 

Vcrtebriitii. 
Coccosteus ? 

Most of these fossils are forms which would be naturally looked 
for by the palsontologiat in a middle Devonian formation. They 
characterize the Hamilton group of Pennsylvania and adjoining 
states. But there are one or two on the list which are less famil- 
iar on this horizon and require a moment's notice. 

Renigelteria is one of those genera whose existence, even in- 
cluding its allied forms, Amphigenia and Newberria, is, so far as 
yet known, conSned between the limits of the Lower Heldcrberg 
below and the Comiferous limestone above. Rcatielicria was es- 
tablished in 1859 by Prof. Hall to receive a number of peculiar 
shells of the type of E, ovoides. In 1867 one of these was re- 
moved by tbe author of the genus and made the type of the new 
genus Ampkigtnia. Tbe range of these was as follows : 

Cornirerous limestoiiQ Amphigenia clongata. 

Itenssel»^rla Johannl. 
Schoharie grit Amphigenia elongata. 

Orlfkanf sandstone , Amphigenia ciirta. 

Rensselierla condoni. 
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R. Cumberland Ice. 
R. lnterin«dl&. 
ft. tn&rflaiidlca. 

R. OVftliB. 

B. ovoides. 

Lower Helderberg R. eequiradiata. 
R. elllptlca. 
R. Itevis Hall. 
B. mutabills. 
R. porllsDdica. 

Prof. Hall has recently taken hia R. Johanni from its old poai- 
tioD and has made it the type of a new genus Newberria, charac- 
terized by the Blightnese or absence of external radial striatlon of 
the two strong dental plates, and the thick hinge plate and inter- 
nal loop of Ren»»elceria. To this new genus is also referred the 
R. IfEvi* of Meek which is reported by Wfait«aves from several 
places in the Mackenzie River district * 

When the winter, at the meeting of the Am. Ass. for the Ady, 
of Science at Minneapolis, in 18S3, onnounoed his discovery of 
these fossils in the Hamilton sandstone, he spoke of the difficulty 
which he had felt in separating them from some of Prof. Hall's 
species, such as K. marj'landica and R. johanni. He was not 
willing in this state of uncertainty to coin a new name and left the 
matter in doubt. These fossils are now in the hands of Prof. 
Hall for description and the difficulty will doubtless be cleared up. 
It may verj- probably prove that they will also belong to the new 
genus Newberria from their close resembluioe to R. Johanni. 
Whether this should prove to be the case or not, they will at any 
rate carry this type of shell up from the Corniferous limestone to 
the middle of the Hamilton. 

The last name on the list also calls for a short notice. It is a 
cast of the dorso-median plate of Coccoiteut or some nearly allied 
placoderm, but its exact relationship has not yet been determined. 
Its occurrence in these beds is interesting because, so far as I am 
aware, no fish fossil has yet been described from the Hamilton 
group in Pennsylvania, though n scanty fish fauna has come to 
light from the rocks of similar age in adjointog states. At some 
future time more details may be given regarding this solitary 
specimen. 

•See Contributions to Canadian Paljeontology. Vol. I, pt. 3. 
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NEOLITHIC MAN IN NICARAGUA. 

Bv J, (.'BiWFOHD, Managua, Nicaragua. 

Numerous evidences of panic and fright among men and 
domestic animals in Nicaragua, in one of the past geological 
epochs, are deeply impressed on stratified rocks many feet below 
the earth's surface, under the city of Mant^ia, extending south 
and southeastward from lake Managua to a distance of over one 
mile, possibly further, as far as has been examined, in the direc- 
tion of the extinct volcano Masaya ( I ), ten miles distant. The 
footprints indicate haste, confusion and excitement, and are im- 
pressed from 1^ to 2 inches deep in the sti-atum, the toes of the 
feet in every footprint made the deepest mark and pushed the 
mud back toward the heel, as usual from running in shallow mud; 
all are pointed, many directly, others obliquely, toward lake 
Managua, as if to seek shelter in its waters from a storm of burn- 
ing hot volcanic ashes and cinders, or some equally dangerous 
occurrence. A few roughly polished arrow heads and barljed 
harpoons, but no skeletons nor bones have been found in that 
nor in anj' of the superimposed strata(2). 

A short topographic and stratigraphic description of the local- 
ity will enable a comparison to 1)e made with similar conditions of 

(1) This volcanic claaalflcatloD o( " extinct " Is not bised on any theory 
about the interior conHtitutlon of the earth, but, on such facte of my 
own Dbservatlon as, when In my examinations I found that I must adopt 
some clasBiflcatioD. The plane of Invariable Hanual ( also daily) temper- 
ature beneath the earth's surface on and near to thlB large mosB of vol- 
canic materials is isogeotherraal with planes of Himilar situations and 
altitude in that country; on iaactive but not extinct volcanic masses no 
isogeothemiHi plane can be found, or, it is too irregular and liideflnite 
for determination. The selection of homos and hiding places by wild 
aalmals and birds on extinct but never, so far as I have observed in 
this and In South American volcanic countries, on inactive hot top nor 
on active volcanoes. 

( 2 ) Since this paper whh written, Nov. 1690, there has been found 
( Feh'y 10. 1801 ), the d't»i and HmiiU (li»piilrgriiting parti of leefriil eniai- 
vm biiim and three iirfi/iir Irtlli of m>me hiiinun being, in an urn of oblate 
oval form made of volcanic. Iron-colored clays and sand and burned. 
The dimenHious of the urn are: depth S8 c. m., greatest diameter 6S c. 
m., diameter across opening at one end 43 c. m., thickness In walls % to 
% of an inch. This was dlacovered in a quarrj- in southern part of the 
city of Managua, about 15 feet below the earth's surface and resting on 
a stratum composed of volcanic ejecta hardened sutflcleutly to be 
quarried and used In the construction or all kinds of walls for resi- 
dences and public buildings in the city of Managua; about sixteen feet 
beneath the urn, four hard conglomerate strata inten'paiDg, is the 
stratum on which human footprints were found In large numbers. The 

' -■'■"sed liy the consul for Austria, and will be 

1, Austria. 
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surface and strata ia other countries, whose geology ia better 
known, in order to determine the epoch when theae people lived, 
and possibly to decide on the cause of their flight. 

For a few feet south from the water margin of the lake, the 
formation is a coarse sandy beach, then an abrupt cliff 8 to 12 
feet high above the surface of the water, thence south and south- 
eastward for more than a mile, tlie surface ascends to about 180 
feet above the level of the water in the lake, then commences a 
series of volcanic montecnles, cones, craters, and cerros, some- 
what d^;raded by erosion, extending 25 to thirty miles eastward 
to lake Nicaragua. 

The stratum bearing impressions of humau feet is near lake 
Managua, about fourteen feet beneath the surface of the soil, and 
on a level with the high water mark. It is not much inclined but 
nearly horizontal with the present surface of the earth as it 
ascends south and east from the lake. 

The mtneralogical composition of the strata from at least 
twenty feet below the stratum retaining footprints of man and 
other mammiih, up to the surface of the soil is about the same. 
The larger proportion of more acid minerals are near the soil, the 
general composition of all are rhyolite, trachyte, lipardite, phono- 
lite, pumice, basalt, dolerite, audesite and black, also light colored, 
scoriK, all in particles { lai^e grains or small fragments) and 
bodies, mixed by water with volcanic ashes ( and ores of iron } 
into a conglomerate whose contained grains and fragments are 
weakly cemented by the ashes and oxides into strata varying 
from six inches to four feet thick and consolidated to a hardness 
when in place, of from 2 to 2^ ( excepting the upper stratum 
which has not yet hardened sufficiently to be separable, from 
top to bottom, into blocks), containing four or more cubic feet; 
exposed to a dry atmosphere these rocks soon harden to 3.25 to 
4. Each stratum is scparatc<i from tho one atK)ve it and, also 
the one below it, by a fine grained, /<»';*(■ sand, colored light brown 
by iron oxides and varying in thickness from 2^ to 4 inches. 

Stratigraphically, the deposits, from at least ten feet below the 
stratum impressed by human feet, up to the surface of the earth, 
are: 

(a) Superficial, 4 to 10 feet thick uncompacted or partly hardened 
ejecta conglomerate ( 8 ) containing numeroua patches or small areas of 

' (S) ElecU conElomrnle In dioUnctlon from fii-ed Yolcanlc congloiu prater and 
"shingle^- «nd from "conglomerate" as deilned by Lyell, Duns, Lo Conw, PreKi«ich 
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smftU fragments of pumice, &l»o ot colored claya and unds which when 
mixed with lime (CbO,H, ) Is used as a hydraulic cemeat which de- 
velopes nearly as much teniUe, toroeile and adhesive strength as Romaa 
cement; tbis is an acid conglomerate of giainH and email fragments of 
volcanic materials the majority of which represent the early and middle 
part of the ashes-aud-clnder-eruption in some period of explosive 
volcanic activity. 

( b ) A stratum of flne sand, 4 to 4J^ incliea thick, loose, uncompacted, 
slightly colored, light orange brown by hydrous oxides of Iron. 

( c ) A stratum % to 2^ hard, of ejecta conglomerate, 4 to 4}{ feet 
thick, coarse grains and small fragments well mixed, of a dark grey 
color spotted with bard black fragments of metamorphosed hornblende. 

(d) A stratum of fine sand, uncompacted, resembling( b) in color, 
Si^toS inches thick. 

(e) A stratum of the same composition, hardness and color as (c) 
above de8Crlt>ed, 2Ji to 3 feet thick. 

( f ) A stratum of fine, loose sand, 2 to 3 inches thick of a light orange 

( g ) A stratum S to 2}^ feet thick of the same composition and color 
as ( c ) and ( e ) above described but harder, nearly 3 hard. 

(b ) A stratum of flne, uncompacted sand, 1}{ to 2 inches thick, light, 
reddish brown color. 

( i ) A stratum composed of the same kind of mateHals and of the 
saniecoloras(c)and(e),andal)out as Itard as (g) atwve described, 
bearing Intaglioes In the upper surface of numerous deep iropreasIODSof 
thefeetof manand domestic animals, aleocontaining,sunken until nearly 
covered, in its surface a few roughly polished stone implements, arrow 
heads, etc. 

(j) A stratum of fine sand, uncompacted, the interspaces Blled with 
water two and a half to three inches thick ( 4 ); it is colored light reddish 
brown by iron oxides, and has changed position and asaociates more 
than once since the Miocene period of the Cenozoic era. 

(k ) A deposit, below the usual level ol the water in lake Managua, 
more than ten feet thick, of unknown thickness ( I excavated only about 
ten feet, into this stratum when the water came In so rapidly as to cause 
work to cease ), but, probably it Is several hundred feet thick, vneam- 
pacUd materials of the same composition as the harder strata above 
It; the water appears to have prevented the hardening of this deposit of 
volcanic ejecta conglomerate. 

The difTerenl strata of sand in the above described, were de- 
poeits from the ordinary' currents of water after the usual rains; 
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they are too thoroughly sorted or Beparated according to their 
densities to be ashes immediately from volcanoes falling on the 
hardening stratum of rock. 

The strata of hardened volcanic conglomerate ejecta were de- 
posited, each stratum most probably from lai^e deep floods o1 
mud brought down in continuous flow during one season, by tor- 
rents after long continued heavy rains, from the adjacent monte- 
cnles, cones and cerros of materials erupted from volcanoes. 
The superficial deposit ( four to twelve feet deep, ancompacteil ) 
was formed by several small floods of mud, occuring at intervals 
of several years. That these floods of mud occurred and that 
they were so thick in this locality is confirmed by vivid descrip- 
tions by some of the most eminent, educated and reliable citizens 
in Nicaragua who describe a similar occurrence on October 4, 
1876. In this locality the city of Managua, the local name of 
these torrential floods of mud is " alunons de barro; " this alu- 
vion de barro filled the open houses, streets and jilazas near the 
lake five and one-half feet deep with thick mushy mud composed 
of materials similar to those that are formed into hard conglom< 
erate, hereinbefore described. Much of the slowly moving mud 
which remained in the city was washed into the lake by subse- 
quent rains, but lai^e masses were left in protected places, which 
have dried and hardened into isolated areas about twenty-four 
inches thick. Some of its upper surface, probably was washe<) 
away by rains because when these isolated parts, now hard and 
24 inches thick, were prevented from flowing further, thej' were 
fully five and one-half feet deep, slowly flowing masses of thick 
mud. Several large boulders, some of them fully twelve tons in 
weight, were moved from depressions or concavities on the 
mountain's side, about one mile to the south of the city, where 
they had hardened. They were not hard enough to have been 
rolled even for 100 yards without breaking into fragments, but 
were deposited in the streets of Managua. A canal that once 
extended for two miles from east to west, and was forty feet wide 
and t«n feet deep, was filled up by the mud flood, October 4, 
1876, and is now one of the principal thoroughfares fbr tn^c. 
At this date natural forces were acting on a grand scale, in thb 
locality, changing the position of large quantities of inaterial, 
yet the forces were small in comparison with that enormous flood 
of mud, which transported from the adjacent monticules and 
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cones sufficient loose fragmentary material ( which had, long pre- 
viously probably, been erupted from volcaaoes ) to their present 
position, where dry and hard the stratum ( c ) is now four and 
one-half feet thick. 

The people whose footprints are found so numerous on stratum 
( i ) must have removed from that locality before the occurrence 
of the " aluvion de barro" which formed the now hard stratum 
( g ), because that flood of mud must have been over fifteen feet 
deep. 

These strata dried slowly in a moist atmosphere; they are not 
fissured, consequently they did not dry rapidly; they show no in- 
dications of having been schiBt«d, nor have any cracks afterwards 
been filled np by washed materials. 

The time when men, dogs and horses* fled to Managua to shel- 
ter themselves from the highly heated cinders and ashes ejected 
from volcano Masaya, was most probably very long ago. 

We may go buck, in time, toward that epoch guided by such 
facts as the following. From intelligent and reliable witnesses 
we learn that volcano Masaya, about ten miles eastward from the 
city of Managna and on the west side of the city of Masaya, 
commenced on the 10th of November, 18K8, emiting ( from a 
fissure initfi aide about four hundre<l feet below the rim of its crater 
containing a lake of water) aqueous vapors, sulphurous acid gas, 
chlorine gas, carbon dioxide, etc. This continued for about ten 
daysf then ceased, and, although a part of that fissure still exists, 
gapping and ugly, yet the entire volcanic mass is now so cool 
that its sides and the outer and inner edges of its crater are cov- 
ered with small green trees and flowering plants, accompanied by 
many birds ( 5 ) which appear to consider that volcano extinct. 

From history we learn that on the 10th of March, 1762, a 
fissure opened in the sideof this volcano Masaya aliout three hun- 
dred feet Ijelow the rim of the crater, and poured out lava, at 
intervals, for several days, which covered an area about one-half 

*No impression of the side toes of horses have been found in this 
stratum ( i ), in the two or three Inch deep impresaions of horaeB' feet. 

tThe statements are various. 

(5) I here noticed in the volcanic part of J4'lcarsgua and in other 
countries, that birds Beldom or never viuit volcanoes that liave hot tops 
and have no isognotbermal plane corresponding with the surrounding 
country; birds and wild animals appear to have an instinctive knowl- 
edge of the natural causes, dynamic and kinetic, at work in the 
myeterous depths of the earth. 
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mile wide, near the flssnre, aiu) widening gradually, for an extent 
of three or fourmiles into a forest of large exogenous trees, leav- 
ing over its course a mass of scorise, obsidian, resicuUr lava 
and atones, which now look as if fresh and hot. Many trees 
along the edge of this flow of lava were carbonized, and parts of 
them are yet standing. The aehee and cinders then sent out 
with explosive force through the fissure, have been washed away 
down into the lakes. The volcanic activity created no great dis- 
turbance in the present city of Masaya, situated on the side of 
the volcanic mountain, opposite to the fissure, and the a^hes 
reached tothe city of Managua ten miles distant, only by occasional 
gusts of wind, not of sufficient quantity or temperature to 
cause any other unpteasantness than great apprehension of 
flonger. 

Anterior to this activity in 1762 we have no reliable human 
record of any other outburst from this volcano, and physical evi- 
dences indicate that it had been quiet for verj' many centuries, 
possibly for one or more geological epochs. 

Id comparing these facta in reference to the eruptions with 
other volcanoes the history of which is better known, but which 
have far more deeply eroded sides, of which facts are obtained, 
we find, that the materials forming, in considerably large part, 
the montecules, cones and sides of Etna, are easily loosened by 
mins and can be washed down in large quantities by torrents as 
at volcano Masaya; also tliat each, in its own locality, has sea- 
sons of heavy rains; l)ut the lava which poured from Ktna four 
hundred years B. 0., and stopped the Carthagenian army in its 
march against Syracuse, is now, much of it, exposed on the 
earth's surface where it flowed and is not covered by sedimentary 
materials, washed down, from Etna's side, norcovere<l by floods of 
mud. Yet, in less than ten miles from volcano Masaya, tlie 
stratification near lake Managua of materials ejected from vol- 
canoes and washed down and dt^sited, is hard and more than 
twelve feet thick at its least depth, above the hard stratum 
deeply impressed by human footprints, and these impressions of 
feet were made when the surface of that stratum was only partly 
hardened or in a stilT, muddy condition. Any estimate in years of 
thetime necessary toform and then to harden an ejecta conglomerate 
so slowly as not to fissure, such as each of these strata near lake 
Managua, and the time intervening between the drying and 
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hardening of one stratum before commencing ttie deposi- 
tion of ftuother, would be solely speculative. I have not sufficient 
data from my own or others' observations of volcanoes as to the 
average quantity of matter annnally washed down from their 
sides, eitlter by ordinary rains or during seasons of extraordi- 
nary floods, to make from the annual erosion an estimate of time 
necesaarj' to form such deposits as the conglomerate strata 
beneath the city of Managua and extending toward the extinct 
volcano Masaya. 

There certainly has been an epoch of great elevation and glaci- 
ation in part of Nicaragua, and a subsequent epoch of subsidence 
in all, and much ice melting and torrential floods in parts. There 
are many evidences here of the occurrence of the Olacial. Cbam- 
plain and Terrace epochs. Probably this stratum containing 
human footprints, and the superimposed strata, were deposited 
during the later elevation and depression of the Champlain epoch 
and early part of the Terrace epoch; if so, then there is in Nicar- 
agua evidence of men in large numbers and congregated in large 
towns or cities of thirty thousand or more, during the later Cham- 
plain or early Terrace epoch. And, if we accept M. Forefs 
calculations in reference to the time occupied in silting parts of lake 
Geneva by the river Rhone in an effort to get at the date of the 
conclusion of the glacial period there, as a basis for the hardening 
of the stratum underneath the city of Managua, we can probably 
say more than fifty thousand years ago. 

Managua, XU-nnigvu. X-r. 10, 1890. 



THE POST-ARCH>EAN AGE OF THE WHITE LIME- 
STONES OF SUSSEX CO., N. J.* 
A KEPLY TO A REVIEW t 

FnjL-iK L. Nabon, ivtlrcfon rllj-, Mu. 

In the review of the above paper the writer feels that Prof. 
Dana has laid undue stress upon some of the evidence adduced in 
support of his views and not enough on other. 

It does not seem to be logical to assume. I>ecause a limestone 
contains chondrodite, magnetite and the oxides and silicates of 
zinc, t(^ether with intruded granite, that no amount of evidence 

•Ann. Hep. State Geologist of N. J., 1890. 

tNotlce of Ann. Bep. State Geologist of N. J., 1800, July Number of Am. 
.lout. Sci., 181)1; . I. D.n. 
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will prove tbtee limestones to be a locally metatnorphoaed fossilifer- 
ous limestone. 

Id other words, if positive and direct evidence can be found 
showing a transition from blue to white limestone, the fact that 
the white HmesJ^ne has the above concomitants does not militate 
against the proposition in the least. The problem simply assumes 
another and a totally different phase. Instead of a ciuestion of 
geological age it becomes a study in metamorpbism. 

In the following paper the writer wishes to present, as con- 
cisely as possible, the evidence which led him to the conclusion 
that the white limestone of Susse.t county is but the metamor- 
phosed form of the fossil! feroiis blue limestone. 

The evidence can lie summed up under these hea<is: 

Ist. The topographic features of the two rocks. 

This will include, (a) the nature of the dips and the foldings of 
the pocka; (b) the axes of special disturbance. 

2d. The associated rocks. 

This will include, (a) the accompanying bedded rocks, (b) the 
«roptive rocks. 

;id. The transition of one limestone into the other. 

This will include, (a) breccias in the white limestone, (b) breccias 
in the blue limestone, (c) graphite and fossils, (d) the actual trac- 
ing acrotx the strike and 'ihng the strike from white to blue, this 
occurring in long lines, (e) occurs in many localities, (f) the 
breccias form the boundary lines. 

1. Topographical features. 

The white and the blue limestones are intimately associated 
' with each other. Large areas of white limestone are never widely 
separated from the blue, and not a single outcrop of white lime- 
stone is known by the writer wholly independent of the blue. 

(a.) In former reports and papers on this subject, the dis- 
tinctive feature pf the white with respect to the blue, has been 
■■the universal southeast dip" and the northwest dip of the blue. 
Xeither of these statements is in accordance with facts. It is us- 
ually difBcult to observe the dip of the white limestone on account 
of the extreme metamorpbism. Yet the fact that the white lime- 
stones do dip northwest is plainly to be observed. It frequently 
happens that one end of the slope of a hill is white limestone aud 
the opposite end of the slope of the hill is blue. But whatever 
the direction of the dip. they l)oth dip in the same direction. The 



I .y Google _j_ 



16S Tlir Aiiiei'iain GeDlmjiitt. SepUmbri, irai 

argument from southeast dip ia farther ahown to be worthless 
from the fact that the white timeatonee are proved anticlines in 
stnictiire as well as the blue. 

(b.) The white limestones occupy axes of great disturbance as 
denoted by the intrusion of eruptive rocks; by excessive shatter- 
ing; by sudden and great disturbance of dip and atrilte. 

The force of this point will be more strongly felt if one ob- 
serves the imlated patches of white limestone between Franklin 
Furnace and Andover. Here the blue limestones lie against the 
gneisB with numerons ontcrops of sandstone. When there is an 
area of white limestone, it is not far removed from the blue, but 
it ia accompanied by great masses of granite and other eruptives 
and the sandstones are usually graphitic. 

2. The associated rocks, 

(a.) One of the strong ties which bind the two limestones to< 
gether is the sandstone. 'This sandstone is found so abumlantly 
and at such critical points as to form an evidence quite as strong 
as the actnal passage of the blue into the white limestone. 

These sandstones, in many places, form the axis of hills which 
are anticlinal in structure and which have one end of a flank blue 
limestone, and the other end white. These sandstones lie imrfpp 
the blue limeatonea and can be traced till they diaappear iindtr 
the white limestone. 

These sandstones are graphitic when near either a white lime- 
stone or near a granite dike accompanied or unaccompanied by 
white limestone. 

Prof. Dana is perfectly right when he says, "evidence drawn 
from graphite is of uncertain value," but that is a general state- 
ment. In the case at hand the writer believes that the coiiditioiit 
under which the graphite occurs make its testimony not only 
strongly corroborative, hut direct and positive. 

The presence of graphite in the blue limestone will be mentioned 
under 3. (b.) The white limestones, as already stated, are 
characterized by eniptive rocks. The moat characteristic of 
these is the granite. There is hardly an area of white lime- 
stone which is not accompanied by granite; even where gran- 
ite is not visible on the surface the white limestone is filled with 
intrusive sheets of it. This is proved by the drill borings, 1,100- 
feet deep at Franklin Furnace. There were eight holes in all, 
and each had successive layers of granite. 
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'~^The blue limestones are almoat wholly free from eniptivcs and 
{ETaaite is never present. Taking these facts in connection with 
the disturbed areas as shown by the topography, the presence of 
granite in the white limestone and its alisenoe from the blue is as 
easily accounted for as the fact tbat the white limestone occupies 
areas of great disturljance. while the blue area is comparatively 
undisturbed!. 

S. The transition of the blue limestone into the white. 

The writer regards this gradation as absolute proof of the 
synchronous horizon of these two limestones and that this fact 
alone is sufficient to establish the point at issue even wei-e there 
DO other conQrmaton' facts. 

That this gradation or transition actually exists no one will 
doubt if once he visits the localities in question, (a) Breccias in 
the white limestone are not always readily observable, but localities 
are found where great masses of limestone are made up entirely 
of angular fragments. The intorstitial matter is coarsely crystal- 
line with scales of graphitt. The angular fragments are bleached 
and some have a distinctly crystalline structure with scales of 
graphite and cloudy aggregations of the same mineral. In some, 
the angular outline of the original fragment is plainly observable, 
bnt near the center the crystalline structure is lost and the core is 
a rounded, comparatively unchanged mass. M'cre it not for the 
abundance and variety of these breccias one might regard them as 
a kind of concretion. 

(b.) The breccias in the blue limestones, like those in thewhite. 
are found near the boundaiy line, or are. rather, the actual 
boundary line; the white limestones being found on one side and 
' the blue on the other. The breccias are filled interstitially with 
crystalline graphitic limestones. The fragments themselves, while 
OS dark as the blue limestone, have occasional scales of graphite. 
The degree of alt«ration depends upon the si7^ of the fragment. 
The boundary line between the blue and. white, when they ap- 
proach each other, is either brecciated rock or a line of easy 
gradation as noted under 3 (d). (e)^The presence of graphite 
and fossils in the blue limestone and in the sandstone, 
standing as isolated tact^, do, as Prof. Dana says, have but 
doubtful significance, but this particuhir L'ase stands as fol- 
lows: — The fossils show these rocks to be among the oldest of 
fosiliferous rocks and thus more liable to metamori>hic action ; the 
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presence of graphite in the rocka and actually replacing theee fos- 
sils shows that metamoTphic action has actually operated to some 
extent; and the invariable proximity of these blue limestones and 
the sandstones vrhm gviphitic to either white limestone or granite 
is exceedingly strong evidence in support of the propoeition that 
the metamorphism which changed the whit« limestone operated in 
a less d^ree, but at the same time, on the blue limestone and the 
sandstone. 

(d) The actual gradation from white to blue across and along the 
line of strike. In the case in hand there is no possibility of mistaking 
super- position of a younger blue limestone on the whit«. The actual 
facts are that going from west to east there is encountered, 6rst 
II coarsely crjstailine white, graphitic limestone; last a blue lime- 
stone, plainly l)edde<l and Jointed. Between these two points, no 
more than fifty feet apart, these limestones shade into each other 
in color, in degree of crystallization, in the presence of graph- 
ite. That is, the graphite exists in every stage from the bright 
crj'stalline stage to cloud aggregations of carbonaceons matter 
which give the blue color to the bine limestone. 

(e.) This gradation is not confined to a single locality, but the 
localities are numerous. In no locality is actual contact obaen'ed 
between white and blue limestone, but wherever exposure is of 
snch a nature as to allow such contact to be observed, if it existed, 
the above facts are obsen'ed Instead. The transition rocks are 
not taken from several localities and transition in/frred from thia 
series; but by going across a given exposure the complete series 
is seen and in place. No series of samples can give a perfect idea 
unless a continuous strip of rock were taken. Using tbe locality, 
at Franklin Furnace as a point of departure, the localitiesatwhich 
this transition may be obser\'ed are as follows : — West of the Bude- 
ville quarries four miles; on a hill east of McAfee, six miles; on 
the bills southwest of McAfee, numerous localities, five miles; on 
a small bill then north of McAfee, nine miles. These localities 
are all in the Vernon and the Wallkill valleys. In other locali- 
ties near Oxford, Jury Jump mountain, and Andover, changes 
fully as convincing may lie o)>served, and these point to the fact 
that the conclusions reached in the study of the Sussex county 
limestone may safely Ite extended to these also. 

In conclusion it may !«■ well to state that the two limestones 
are separated liy one of two markp<1 tyjws of rock ; either the Iwind 
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of tranaition limeatone or by a band ot brecciated lituestone rock ; 
tuul that in no place does the limestone change from bine to white 
across a continuous exposure without one of these transition rocks. 



NEW OBSERVATIONS ON THE GENUS TRINAC-- 
ROMERUM. 

By F. W. Cbaoin, Colorulo Sprinir», Colorado. 

The type-Bkeleton of this genus, discovered in the summer of 
1888, and partially described by the writer a few months later*, 
was nearly perfect when first seen by the workmen who found it, 
but was afterward broken in pieces by vandalic curiosity seekers, 
and had been scattered over portions of two counties before it 
came to the writer's knowledge. It was with great difficulty that 
the task of getting together such parts as had escaped utter de- 
struction was accomplished, some of these being obtained by rock 
excavation at the original locality, others by dint of considerable 
perseverance in travel and moral suasion. 

The expenditure of much time and labor in freeing the bone- 
fragments from the more or less silicifled limestone matrix and 
in matching them, has resulted in restoring to a condition avail- 
able for study, several parts which once seemed hopelessly in- 
complete. A study of the type, as thus renovated, and of pari« 
of several other specimens, has enabled me to supplement my 
preliminary paper with the following descriptive notes. 

The Skull. — Besides the very imperfect skull of the type 
( represented by the muzzle and a number of other fragments, of 
more or leas importance ), the writer has secured two skulls which 
belong — onet certtunly, the other probably — to this genus. For 
convenience of reference, these three skulls may be designated 
respectively as A, B, and C. 

As all preserved parts of the skeletal structure of Trinacronte- 
rum will be fully treated in an illustrated memoir, which is in 
preparation, a detfuled consideration of the skull will not now be 
undertaken; but a few of its more conspicuous features may here 
be noted. The skull is verj- large ( B, C ) and long (A, B ), 

♦Preliminary Description of a New or Little Known Saurian from ihe 
Benton, of Kaneas. American Geologist, December, 1888. 

tThis akull aeems to have pertained to an individual of about the same 
size as the type, with which It agre*H perfectly in several parts pre- 
served in both specimens. I regard it as not only congeneric but also 
co-spec illc with the type. 
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rather broad posteriorly ( B, C), and gradually contracting sn- 
t«riorlj- { B ) to the greatly produced, high, and narrow muzzle 
( A, B). The fronto-parietal region is but moderately elevated, 
and slopes either way from the obtuse median ridge ( B, C ). 
There is a rather lat^e elliptical or narrow-ovate parietal foramen 
( U, C ). The orbit is large and ovate { B ) in outline. The 
mandible has a long symphysis (A, B ), posterior to which the 
rami are quite straight till at and near the posterior end, where 
they cur^-e inward ( B ). The teeth ( A, B) resemble in form and 
sculpture that to which Leidy has given the name, FinitoniivrutX, 
but are smaller and leas cll^^•ed, and their etriajform folds of 
enamel reach mueli nearer the summit and are lacking entirely on 
the ante ro- exterior segment (A, B>. 

The Pectoral Arch. — The coracoids are divided into a stout, 
saddle-shaped, anterior segment, and a thin, scoopshaped pos- 
terior segment by two broad foramina which arc either confluent 
anteriorly across the sympbysial axis or separated by only a nar- 
row symphysial prolongation of the posterior segment. The 
anterior segment is thickened in the intei^lenoid axis as an 
opjtosed pair of deep, massive abutments whose symphysial faces 
are market) with broad pits tor the attachment of a median cushion 
of cartilage. It is anteriorly produced in advance of the glenoid 
fossEe and is posteriori^' limited by the abrupt recession of the 
inner coracoideal borders from the symphysial axis at the foot of 
the steep posterior slope of the abutments. The thus formed 
inner-posterior angle of either abutment presents a complex in- 
wardlj- directed articulation difficult to descrii)e. but which, 
viewed from the slightly concave dorsal side of the abutment, 
presents the appearance of two short processes, the posterior of 
which is pedicellate. The posterior segment of the coracoid is 
characterized , like the anterior, by a transverse thickening culmi- 
nating at the symphysis, but shallower than that of the anterior 
segment. It crosses tlie anterior end of the segment. While 
this posterior segment, as a whole, is concave upward, the trans- 
verse thickening is concave below and convex upward, reversing 
the conditions which obtain in the thickening of the anterior 
segment. The pre-glenoidal processes of the coracoids are long 
and blade-like, liut are so broken in the type-specimen as not to 

ICret. Rej-t. of U. S. 
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show their full length and outline. But on the h\ovV of stoue 
beariag skull C ( and which l>eara venebne indistinguishable from 
those of Triimcromeriioi ) there is a perfect pair of anterior cora- 
coideal blades. These lie mostly posterior to the skull and are 
directed agreeably with it, but their anterior end rests upon the 
posterior parts of the dorsal surface of the parietals, the skull 
having been accidentally turned over. These blades are about a 
foot in length and rather more than half an inch thick along the 
straight inner margins, diminishing, except near the end, to a 
thin outer edge. They gradually diminish in breadth ( to two 
and one-eighth inches each j in the proximal two-thirds of their 
length, beyond which they have moderate lateral expansion. 

The distal parts of the ventral plates of l>oth acapulo-precora- 
coids are likewise preserved on the parietals of skull C. They 
are flat expansions, somewhat broader than those of the distal 
«udB of the anterior coracuideal blades, whose outer borders they 
meet on either side in a straight articulation two or three inches 
long, being thus held some Ave inches apart, instead of meeting 
in the mid-line as do those of Ciiiiolioiunirmi. This articulation 
includes nearly the posterior half of the obtuse -angled extremity 
of the scapulo-precoracoid, the remainder of the extremity form- 
ing (as presen'ed) a free antero -exteriorly directed border which is 
squared like those of the articulation, and which may, therefore, 
have joined an omostemum placed anterior to thecoracoideal blades. 

The stout, extero-posteriorly directed eud of the left icipuln- 
prvr-rriciiitl remains, in the type specimen, in natural n.-lation to 
the coracoid, which it joins to form the glenoid fossa. 

A laige and elongated fragment of the middle part of the 
former bone presents three faces: one concave, the others repre- 
senting the outer aspect of the ventral and dorsal ( precoracoid 
and scapular ) plates, nearly flat and making a rounded angle of 
about 100° with each other. 

The Pelvic Arch. — Of this, there are prcscn'etl in the type- 
skeleton the perfect right and imperfect left Ilium, the greater 
part of the right pubis, the acetabular extremities and necks of 
liotb ischia, and part of the right ischial blade. On the right 
side, the union of the ischium and pubis, and on the left, that of 
the ischium and ilium remain undisturl>ed. The ilium is a clavate 
iHine. rudely elliptical in cross-section of the shaft, and liaviug 
the much enlarged lower en<i bent inwanl and fc)rwanl. 
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The general outline of the pubis and ischium is much like that 
in PleMwntii>-ii» ns figured by Huxley*, though its details differ. 
The blade of the pubis is a warped plate, presenting, when viewed 
from above, two concavities separated by an an tero -posterior axiti 
of convexity, the major convexity embracing a large part of the 
middle and inner anterior regions, the minor occupying a small 
outer- anterior part. 

But the pelvic arch possesses one feature that distinguiaheH it 
from any described sauropterygian pelvis with which the writer ia 
acqnaintedf. The ilium does not articulate with, uor even closely 
approach, the pubis, being separated from it by the acetabular 
portion of the ischium, of whose acetabular face its own forms a 
posterior continuation. Thus the three elements of the acetabu- 
lum are brought into line. 

The Vertebrae. — To what has lieen published concerning the 
vertebre, there is but little that need be added here. As would 
be inferred from the great size of the skull, the anterior cervical 
vertebne are not greatly reduced in size. The atlas and axis and 
their intercentrum are anchylosed, but their sutures persist. The 
cervical rit)s are suturally adnate to the centra by single facets. 



ON THE CONFOUNDING OF y.i.sSA THIVITTATA SAY 
ANDyAmsA PEHALTA (CON. SP.) 

By (liLBUT D. Uarbu, WuhlnKlon, D. C. 

N'lMii tncittiil'i, a recent species inhabiting the eastern coast 
of the United States, was descril>ed in the second volume of the 
Journal of the Philadelphia Academy of Natural Sciences, in 1822, 
by Thomas Say.** 

Eight years later, a somewhat similar though very distinct form 
obtained from the "Upper Marine" (Miocene) formation in thet-icin- 
ityof St. Maiys River, Md., was inadvertently referred by Conrad 
to "Xiutu Trivittitta, Say. "tt Morton repeated this error on page 
2 of the Appendix to his Synopsis of the Organic Remains of the 
Cretaceous Group, published in 18;i4. The species is ogtun re- 
ferred to by Conrad in 1843 under the name ••Buccimtni irivitfo- 

*Vertebrate Amtomy, p. 182. 

tin EUuniogaiiriit, the ilium 1b described 1iy Cope as artlculstlug with 
the piibit ouly. Extinct ReptUia, Batracliia and Aves of North America, 
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turn. Say.'** Tnomey and Holmes' uae of this designation fifteen 
years later in their Pliocene Fossils of Sontli Carolina seems 
correct insomucb as both the description and the figure they give 
indicate a species identical with i^y's .V trivitiata. i 

In bis catalogue of the Miocene Shells of the Atlantic Slope, 
Conrad questions the identity of the Miocene "Tritia (..Vomu) 
trieittata" with the specimens referred to by Say, Tuomey and 
Holmes. II 

The following reference occurs In Meek'a Checklist of Miocene 
Invertebrates, published in 1864:1 

"683. Triiitt trivittitta (Say?) Conrad. Md. ; Va. ; S. Car." The 
Maryland and South Carolina forms are here confused and con- 
sidered identical. The specimens in the collection of the U. 
S. National Museum, from St. Marj's river bear the name 'Tritia 
tricitlatum, Say" in Meek's hand-writing ; the identification is 
moreover initialed by Heitprin. 

In 1867, Conrad described a new species under the name of 
Ptyt^ho»alpinx (Tritinrii) peralla.** Although no locality is given 
for this species, the description, the figure, and the facts that it 
b a Miocene form and is, according to Conrad, the equivalent of 
Tritia irivittata. Conrad (not Say) leave little room for doubting 
that the species here described is that occurring so abundantly in 
the vicinity of St. Marj-'s river, Marj'land. 

Heilprin has overlooked this name altogether in his Tertiary 
Geology of the United States, published in 1884, and continues 
to refer this Miocene form to Xutiia triviltata Say.tt He uses the 
same designation in his list of Miocene species of New Jersey, 
published in the Proceedings of the Philadelphia Academy of 
Natural Sciences, 1887,t but whether in this case PtyehntaiptHx 
{Tritiara) pFmUa (more properly Nasia pemlta) or Natta tricit- 
tatoiile* Whitf'd (MS.) is referred to, one cannot decide without 
seeing the specimens themselves. 

Professor Clark of Johns Hopkins University has also over- 
looked Conrad's ^V; pemttn, tor, in 1888, t and again in 1891 he 
refers this form to .Viimu tn'vittnta of Say. 3 

The foregoing facts may be thus summarized: — 

*3d BulL Proc. Nat. Init,, 184S. p. 186. Froc. Philtt.Ac. Nat. Sci. 1882, p. 562, 

fOp. cit. P. 185, pi. 28, flg. 4. ttOp- cit pp. 58 & 81. 

"^Smithsn. Ml-cl. Coll. No. 183. p. 20. 19, flg. 5. 

••Amer. Jour. Couch., ill, p 264, pl.tOp. ell. pp. 898, 401. 

JJ. H. Univ. clr. vll. p. 68. glbid., x. p. 107. 
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iV'<wit/( tricittnia Say, Jour. Phll&. Ac. Nat. Sci., (1) ii, 1822, p. 231. 

" Conrad, Ibid, vi, 1830, p. 211 - ^N,i»»<i ),er,iit,i. 

•' " Mort., Bynop. Org. Rem. Cret. Gp., 1884, App^ p. » 

='A'/i»M pttalhf. 

Biiffinnm tririttiiliiia Con., 2d Bull. Proc. Nat. Inst., 1843, p. 186 

N'itg,ii jwriiltH. 

" " T. & H., Plioc. FosB. 8. C, 1857, p. 135. -.V. IririiUita 

Tnliii {Nagia) tricitliiUi } Con., Proo. PU. A. N. S., 1862, p. 603 

^^ ( Natta periillnd- 

) A'. Iririltulil. 

Tritia trivilUUit Meek Check List 1864, p. 30 - = S -^''"'«; pfriiK.i * 

PtgeJiMalpinx {Tritia rin) pfnilUi Con. Am. Jr. Con , 1887, p. 264, pi. 19, 

Nmm tricitUit'i Hellp., Tert. Geol., 1884, pp. j ^' ^\' ■ ' ' ' x'^attuu" * 
" " ProcPhila., A. N.S., 1887pp.398,'4bl.'... . 

--?A'. tririlfatoiilf/. 

A^'iMii (TritiarUi) triciltrilii Clark, J. H. Univ. Uir^ 1888, p. 66 ^y.pfniltii. 

Ntma triciltala DlhTk, Ibid., 1891, p. 107 -X jtrr.ilt'i. 

Washington, D. C, August, 1891. 



EDITORIAL COMME^^T. 



DiMiNtTiOK IIP Natural Gas. 

Prof. J. P. Lesley haa contributed a paper of much interest and 
value to the proceedings of the American Philosophical Society 
on the Grapeville gas wells. From it we condense the following: 

A table showing the futility of all attempts to pipe natural ga.s 
to any great distance is a sufficient answer to the hopeful tone 
so often assumed in regard to its conveyance to towns far from 
the wells. It shows the initial pressure, size of pipe and loss by 
friction in conveying gas from the powerful gusher at Grapeville 
to the Cambria Iron Works at Johnstown, Pa. 
Diatanue from Size of 1886 1837 r „, 

^1.11 ni.^ Mnw -I't MuF 1.^ L.OSS. 



The diminution of pressure in 40 miles from 200 lbs. and J 
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lbs. respectively to 25 lbs. at the works suJHciently proves the im- 
posBibility of successfully conveying the gas in pipes to any great 
distance, at the same time the striking irregularity in the rat« of 
diminntion precludes the hope of discovering any rule, and raises the 
suspicion of considerable error of observation. 

Another interesting fact illustrated in the same paper is the 
steadily diminishing pressure at the wells, foreboding oltimatc 
failures at no distant date, a fact on which the Geolooibt has 
repeatedly insisted. The following table extracted and condensed 
from the same source establlBhes the assertion. The pressures 
are those attained by the welU after they have been closed for one 
minute. 

ORAPBTIILE— TABLE OP KIHDTB PREBSDRES. 

Well, Depth. At April, Dec, Mny., Nov^ Dec, Jan., Feb., 
feet. Srst. 1889. 1889. 18»0. 18IKI. 189a 1891. 1891. 

KlingenamUh.IlOO 460 300 250 180 100 9S lb 6i 

Henry Ii:i3 460 380 260 170 105 100 75 70 

Moon 1149 460 !)90 2«0 ITS 100 95 75 65 

HeDOsiDger...l4e« 410 390 240 170 »5 85 55 4U 

Kipple. ....... 1360 360 260 360 165 100 95 75 65 

Byers 1850 125 — — — — — — 80 

Agnew 1420 75 — — — — — «5 65 

This loss of pressure and coQse({ueDtly of gas in less than two 
years, points unmistakably to one conclusion — the disappearance 
of high pressure gas before long and the sinking of the great 
gushers to low pressure wells. They will then probably be verj' 
durable and the rate of diminution will itself diminish. Though 
useless for manufacturing purposes, they may still be verj' valu- 
able sources of gas for domeatic consumption. At the same time 
it is quite possible that even this hope may lie disappointed and 
that the pressure will run so low as to yield practically nothing. 
This is indicated by the fact that the rate of diminution is at pres- 
ent nearly constant as is shown by the following table: 

SATE or DIUINUTION Or PBBSBLIIE FEB DAI.* 

From April 29, 1889 648 days 321 lbs. 0.5 lbs. per day 

Dec. 16, 1880 413 " 188 " 0.455 

" May 26, 1890 35S " 107 " 0.4 " 

Nov. 8, 1890 91 " 86 " 0.4 

" Dec. 1, 1890 U3 " 30 " 048 

■' Jan. 5, 1891 28 " 7 " 0.25 " 
Professor L. points out that this falling off indicates that the gas 

• In boTTDwIng thli lablp we hire taken Ihe Uberly at corrwllng n M«\it miHtak? la 
Prof. Letley'a calcaUllon by wblcb he had bmiighc aac tliedJmlniillan much too l\Wtt. 
Tba lut flgurm miy be doubtful. 
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issues under the force of its own expansion and not by hydrostatic 
pressure. If this ia reaiiy the caae, we must, as said above, an 
ticipate a steady falliag off in the rate of diminution until it be- 
comes practically constant and the well becomes a low-pressure- 
source of gas. 

The following deductions are of great economic importance: 

"The steady decline in pressure from 390-380 IbB. on April 20, 1889 to 
65 Ibe.on February %, 1861, predicts a speedy extinction of the use of 
uatuntl gas at the Cambria Iron Works." 

"*Oae of tlie weDa at GrapevUle was recently deepened to reach the 
'Gordon Sand' and a small quantity was found, but not enough to warrant 
any hopefulnese of Its mdataintng the supply. A part of the works at 
Johnstown are jet supplied with natural gas from QrapevlUe, but it is 
weakening bo fast that we supplement it with artificial gasee.*" Feb. 
2«. 1891. 
Again: 

"At the Cambria Works we ar« using the Archer oil gas to take the 
place of the natural gas and find this a very good substitute. The Archer 
process coaslsts in vaporising oil and mixing steam at a very high heat 
with the oil. We have also opened our mines again and are using coal 
in a great many sections of the works." March 18, 1891. 



BUI'I'OSED ThENTOK Fossil. PlBH. 

During the past few months several nolicest have appeared of a 
discovery of fiah fossils in lower Silurian ( Ordovician ) rocks ill 
Colorado, At the recent meeting of the American Geological 
Society, Mr. Waicott, of the U. S. Geological Survey, exhibited 
some of these, and gave a few notes on the mode of their occur- 
rence. Tbey are found in a red sandstone, more or less mottled 
with white, and in a calcareous layer of similar color near Canon 
City, and were first collected by Mr. Stanton two or three years 
ago. They consist of a few entire plates and innumerable frag- 
ments, mostly white or reddish ; and of long and apparently 
articulated columns reminding the obsen'er of crinoidal stems. 
They are referred by Mr. Waleott to various kinds of fish and he 
has named several of them in accordance with this view. Thus 
one of them has received the designation of Holnptychiuaf 
americaiius (preoccupied by Leidy many years ago ), aaotherthat 
of Asferolepi'sf dfiiiirraln, while a third is styled Pnlac/iinuera 
priaca. 

These statements are of course surprising to the paltentologist, 
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tbough be is fully prepared to see the earliest vertebrate life car- 
ried dowowartl through the palteozuic rocks far beyond where it 
ia now known. But each step in the progress must be taken only 
after the most careful and thorough investigation and on the 
most satisfactory evidence. 

In regard to the stratigraphy. Mr. Walcott has apparently ex- 
amined the locality with great care, and has accumulated a large 
mass of evidence. Assuming the correctness of hie observations 
there appears to be little room for doubting his conclusions. No 
ground exists for suspecting an overthrow or inversion of the 
strata, and some of the fossils as nameil by Mr. Walcott, though 
not exhibited, are of undoubted Ordovician ( lower Silurian) age. 
Such fossils, according to the author, are found Iwth above and 
below the beds containing the supposed flsh remains. It is not 
easy therefore, on the assumption of these facts, to impugn the 
accuracy of the atratigraphical conclusions." 

But in regard to the paleontology the evidence is less satis- 
factory'. There is no doubt that some of the specimens exceed- 
ingly resemble fish plates, as fish plates occur in the Catskill rocks. 
But it is not to Catskill species that a likeness would be expected, 
but to others more nearly approaching in date the epoch in ques- 
tion. Such species are those composing the genera PteratpU, 
Cyathaipi*, I'aheimpig, Diplaipi't. etc., and to these the fossils 
exhibited l>y Mr. AValcott bear not the slightest resemblance. 
The phttes above mentioned certainly simulate the scutes or 
scales of certain ■Devonian and later fishes. But we may strongly 
insist on the deceptive nature of such merely external characters 
and ask for other evidence, before accepting the ichthyic nature 
of the fossils. 

lu this respect Mr. Walcott's paper was disappointing, inaii- 
much as it contained no proof of his proposition that these 
plates are the remains of tish. We must, however, await the ap~ 
pearance of his memoir before coming to a decision on the ques- 
tion. But it would have been more satisfoctorj- to the palie-ich- 
thyologist had he learnetl at least the nalitre of the evidence. 



*Tbe palicontologist will feel some Burprise at finding Ilalyiitn eatt- 
nviatUK mentioned amonc this fauna, Tbougb this species has been 
reported from the Lower Ilelderliere ( see p. 7 of the 3nd. Oeol. Sur. of 
Pa.) yet lis occurrence so low as the frentou is scarcely lesi* surprising 
than the presence of flsh. 
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Mr Walcott's claim that bis foasiU though of Lower Silurian 
age yet resemble those of Upper Vevoniau strata, will doubtless 
be subjected to criticism, but the fnet must be borue in mind that 
in several parts of the continent of Europe the flsh are distinctly 
Devonian in type, though the molluscan fauna indicates Upper 
Silurian age. This combination is of course very different from 
finding similar fossils in Lower Silurian strata, but may serve in 
a slight degree to lessen the incongruity. 

Microscopic examination was not reported. This lack is to be 
regretted inasmuch as such evidence is really of the first import- 
ance. We hope that it will be supplied later. 

In addition to the plates already mentioned, Mr, Walcott ex- 
hibited certain crinoid-like objects which he believed to be noto- 
chordal or at least to indicate a spinal column. In our opinion, 
however, their appearance does not warrant such a reference, and 
the ichthyologist will feel grave doubts regarding the preservation 
of such objects from so low an horizon. Further examination 
will, we th-ink, result in a change of opinion. 

Man and the Mammoth. 

Among the most interesting exhibits at the recent meeting of 
the International Geological Congress, was that of M. Max 
I»hest of Iii&ge, Begium. Although unfortunately M. Lohest's 
paper was crowded out, and consequently the members had not the 
advant^e of hearing it, yet his photographs and pamphlet wereex- 
amined by several of those who combine archjeology with geology. 

M. Lohest's paper read before the Anthropological Con- 
gress gives an account of his investigation of the grotto of Spy, 
near Li^ge, on the property of the Count of Beauffort. In this 
cavern M. Lohest found under a thick bed of rubbish and fallen 
fragments of limestone, three distinct ossiferous beds. The 
uppermost of these was in part stalagmitie, and contained a few 
bones ot an undetermined species of deer, a bear's tooth, and 
some pieces of the bones of the mammoth. Beside these and 
mingled with them were great numbers of flint implements of 
various patterns, some oC them resembling the type known as 
"-Mousterian," from the cavern of tha,t name, and others are like 
those found in the well known Engis cave, in Belgium. Some 
are notched like saws and of very thin and delicate workmanship. 
They consist of scrapers, points, blades, knives, etc., worked on 
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one face, some apparently intended to be set in handles and 
otheTB not. 

No instmmento of bone or of ivory were fonnd in this upper 
layer and tbe flints are mostly covered with a white or bluish 
patina sometimes very thick. 

Under this BtaUgmitio layer was a second ossiferous bed, 
osually red from the presence of iron ore, many fragments of 
which were fonnd. 

Here occurred the following fauna: 

RhlnocerOB tlchorhinuB, abundant. 

EquuB caballna, ( borse ) very common. 

Sua scrof a ( pig ). 
Cervufl elephuB (red deer). 

" caDsdensIaf (elk). 

" megacero« ( Irish elk). 

" taranduB ( reindeer). 
OvIb ariee (ebeep). 
Bob prlmigeniua ( bison). 
Bob priscue ( aurochs). 

Elephus primigeniuB (mammoth^ very abundant- 
UrBua BpelteuB ( cave bear ) scarce. 

Helestasus (badger). 
Canis vnlpee ( fox). 
Canis lupus? (wolf) famllariaf (dog). 
Mustela foina ( weasel). 

Hjena apelfea (cave hyena) very abundant. 

FeliB spelxa ( cave lion) a few teeth. 

Fells catture (cat). 

These determinations are due to M. Fraipont, professor of 
palfeontology at the University of Liege. 

Numerous hearths were also found on this layer composed of 
stones, and containing burnt wood and ashes. 

The materials used'by the ok) inhabitants of this grotto were 
flint, phthanite, sandstone, chalcedony, opal, ivory, bone and bom, 
and the total number of implements obtained was very lai^e. 
There are 140 " moustcriaii" points, most of them thick at the 
base and not intended for setting in bandies, whose average dimen- 
sions are 4 inches long by 3 inches wide; a number of flne flakes 
and awle, and arrows or dart heads, of very flue workmanship, 
and some of them 5 inches long, resembling in type the "soln- 
trean" implements of the Dordogue, a single small core from 
which flakes have been taken, and numerous blocks rejected on 
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account of some defect after a tlake or two had been struck off, 
aud 300 scrapere of various sizes and types. 

Implements etc., of ivory were more numerous in this layer 
than in aDy other known cave in Belgium. Chips were so abun- 
dant as to form a breccia in one place. The objects found were 
for the most part for dress or ornament, and the material had often 
degenerated into a chalky substance. Many of them were un- 
finished or the different stages of manufacture were revealed. 
Some of them were marked with striation as was also the case 
with the implements of horn and of bone found with the ivory. 
On a rib of the mammoth or rhinoceros was found a series of 
"circumflex accents " ranged one above another, of which a figure 
is given in the pamphlet. One hollow horn was fllted and stained 
with iron oxide, and is supposed by M. Lohest to have been a 
receptacle of this material for coloring the persons or the imple- 
ments of the cave men. These with four fragments of pottery, 
found by another investigator, complete the list of relics from the 
second ossiferous layer. 

The third contains a fauna so t&t as it goes, identical with that 
of the second bed. 

Rhinoceros tichorhlnus, abundant. 

EquuB csballuB, very abundant. 

Cervus elephua, ttxe. 

Cervue tarandus, verj- rare. 

Bob primlgealuB, 

ElephuB pilmlgenluB, 

UisuB epeliEUB, rare. 

Meles tanuB, rare. 

Hyena apeliea, abundant. 

In this bed, however, were found as in the other, abundance of 
flint implements, but somewhat differing in form and material 
from those alxive mentioned. The greot interest of this layer, and 
indeed of the whole find is the discoverj' not only of the works 
of man, but of man himself, in the form of two partial skeletons, 
one skull of which is nearly perfect. This of course forms the 
central jxiint of M. Lohesfs paper, and he justly goes into detail 
concerning it. We will condense his account written by Dr. 
Fraipont. 

"The human relics belong to the moBt ancient fossil race, that of 
Neauderthal or of UukBtadt. The skulls, fairly complete, present all the 
ethnic characters of that race, whose remains are known from Prance, 
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lUUjr, Aiutrib, Oermaay utd Bweden. HltheiU) only a single jkw bu 
l>e«ti obtidaed from a ovu ( Naulef e ) in Belgluin." 

One a[ theM skulle is apparently that of an old womui, the other that 
«f a middle-aged •man. They are both rery thick. The former Is clearly 
doUchocephalic ( Index TO), the other less so. Both hare very promi- 
nent eyebrows and large orbits with low retreating foreheads, eices- 
aively so In the woman. The lower jaws are heavy, the older has almoat 
no projecting chin. The teeth are large, and the last molar is as large 
-as the others.' These points are characteristic of an inferior and the 
oldest known race. 

The bones Indicate, like those of Neanderthal and Naulette, emali 
«qu«re shouldered individuals." 

M. Loheat adds : 

"The skeletons from Bpy are one of the most Important discoveries 
irelating to the oldesit known race of men." " The cave shows thr«e 
ossiferous layers, and remains of the mammoth occur in all three." 
""Stone implements chipped only on one face indicate the 'moueleriaa' 
^pe of Industry." 

" The relics of the three layers Indicate an advance in the character 
flf the workmanship." 

"The second layer by Ita association of chipped tool* with ornaments 
«f ivory and bone shows its close relaUonehip to the ' mousterian ' type, 
-and at the same time Is free from all suspicion of accidental mixture." 

"The study of the bonea of the lowest level proves beyond doubt that 
the earliest race of men as yet known in Belgium, had a skull of the 
type of ' Xeanderthal ' and used Instruments of the ' mousterian ' pat- 
tern." 

In the above diseoverj- we have at last clear and indisputable 
traces of the men whom up to now we have known almost entirely 
by their tools. A few disjointed bones not free from suspicion, 
are now fortified by evidences that cannot be gainsaid, and the 
old Canstadt or Neanderthal race stands l)efore us as an extinct 
but real ancestor. 



EEVIEW OF EECEST GEOLOGICAL 
LITERATURE. 

Coagres GroUtgique In/ermiCionjiC, Compte rendu de la 4w»e Session. 
London, 18B1. This volume, which appeared in America but a few days 
before the opening of the flfth session of the international congress, 
coosistsof four parts and four appendixes. It has six geological maps and 
eighty figures ; also a plate of flveprodles through the crystalline schists 
of the western Alps. Part I. is a historical account of the Coagress and 
its origin. Part IJ. embraces thi! daily record of the meetings of the 
Congress. Part III. tlie most Important and valuable, embodies the 
actual new work which was transacted by the Session. Here are papers 
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on the crysbilllDe schliti by Hunt, Heim, Loiy, Lehmano, TAyy, L&wsoD^ 
Powell, Irving, Cbamberlta, Vaa Hlie, Backor, Dutton, Losmn, aDd 
ReuBch, follawed by Bynopsit of tbe ditcussioo on the same by many of 
the attending geologists. Following these are mlscellaBeouBdlBcusaloas 
of tbe cUsslflcation of the Cambrlaa-Sllurlan-Taconlc, or primordUL 
rocks of the world, and of tbe Tertiary and Quaternary. Part IV em- 
bmces extended papers on the geology of the differeat portlona of Ui» 
British Islands by Hicks, Harr and llddeman, Strahan and Reld,. 
Fox-Strangways and Lamplugh, and Reld, and shorter notea 
by Topley, Drew, Ooodcblld, Blake, Woodward and Wlnward— 
all grouped under the general title " Explication des Excunlons."' 
Appendix A consists of the report of the American Committee on claasl- 
Hcatlon and nomenclature, the reporters being Frazer, Winchell, Wil- 
liams, StoveniOD, Cook, Bmlth, Cope and Hitchcock. Appendix B is the 
report of ttie British snb-commlttees made to the third session of the 
Congress at Berlin In 1885, distributed at that time separately, but 
omitted from the Compte rendu of tbe session. It now appears as a. 
"second edition," with an explanatory " review of the po*ition " by T. 
McKenny Hughes, the separate reporters being Woodward, Reld, Qard- 
oer, Jukes-Browne, Topley, Huddleeton, Blake, Irving, Morton, Strahan 
and Harr. AppendixC Is the report of ProF. Dewalque, secretary of the 
international committee on unification of nomenclature, la which be says 
that no national committee, except that of the United States, had rendered 
any report to the general committee. He calls attention specially, and fa- 
vorably, to the recommendation of the American committee respecting tbe 
nonieaclature of the lower paleozoic, viz: Taeonic for the prlmoiidial, 
Catabriiin. for the second fauna, and Silarian for the third fauna. At 
another time ( la the discussion of the classification of the Cambrlan- 
SUurlan-Taconic, p. 32T,) Prof. Dewalque commends tbe conclusions of 
the American committee In the following terms; 

Les rf^unions pr<!cSdenteB du congrSa et de la commission de nomencla- 
ture ont montr^ qu' une trits-grande majority de g^ologues est favorable 
A une division en trols partltis; on constate le memo fait aujourd'hul. 
Pour ces parties on a propose les noms Cambrlea, Ordovlcen et Sllurlen. 
L'orateur ae pent Gtre consider^ comme hostile it I'Ordovicen car 11 a 
en I'bonneur de le patrooner dans la commission, qui I'a admls. Toute- 
fols, dans son rapport pour le congrfis ds Berlin, il a cru devoir 
tenlr compte des reveudications produites en Amf rlque au Bujet du 
Toconlque de M. Emmons. Les controverses qui se sout produites 
depuls lore aux Etats-Unis aur^eot pu falre heslter un gtologue comme 
Torateur, qui a' a jamais vu ce pays; mats la lecture du rapport du 
oomitf AmCrlcain sufflt, A ses yeux, pour lever tons les doutes, et le nom 
de Taconique a pour lul la priority et a droit A. designer la division In- 
ffrieure. La division moyenne eat le Cambrienne, la sup^rleure reste- 
Silurienne. Cela contrariera quelques usages, maU cela a d'autres. 
m^rltes sur leequels I'orateur n'tnaiste pas. 

L'honorable M. Walcott acumbattucette divislon.proposfeparsescom- 
patriotes; mais son argumentation ne paiait paa IrEf futabie. L'orateur- 
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sdmetTolODtiera que M. Walcott att dto>uveTt une rlche s^rie de rosailes 
de la bune eeconde Bur csrtaina points dn territotre appel6 Taconiqiie, 
mils ce progrft daoB one coDo^saticeB ne pent vitAr d'lnfluence sur la 
'question. Ce q'il faut sarolr, c'eet la position r^elle du Taconlque 
d'EmmoDS. Or, 11 eetnble locontestable que c'est une B^rle ft faune 
primordiale, 81 ce nom dolt Ptre conservi*, 11 ne pent Etre appUqu^qii* 
dee que Ton propost^t d'appeler Cambrien. II faut le conaerrer parce 
qu'U a la priority. L'orateur ajoute vulontlers qu' 11 sera ch&rmf de voir 
readra cet bommage & la g^olo^e Amerlnalne, laquelle nous a apprle 
tSQt de chosea BUT le grand ensemble de (.-oucheB dont nous cberchons 
la meilleure classIScatlon." 

Appendix D contains llBts of the members of the coogresB. 

Mfnotoif and Cenozair fiirm/iliona ofmttfni. Virginia iind 3filr}/lilnil. By 
N, H. DAaTOij, U. S. Geological Burvey. Bull., G. S. A., vol, 11, pp. 431- 
450, with a map and sections; April 14. 18S1. The formaUons here 
described, succeBsIvely Beparatad from each other by erosion Intervals, 
are tbe Potomac, of late Jurassic or early Cretaceoua age; the Severn, of 
later Cretaceoua age, being tbe southern extension of the New Jersey 
greensand aeries; tbe Pamunkey, of Eocene age; ttie Chesapeake, be- 
longing to theHlocene period; the Appomattox, referred provisionally to 
the Pliocene; and the Columbia, regarded as early Pleistocene. 
It U ascertained that the tranavene depreBslons of tbe coastal 
plain region were first excavated during the interval between the 
Cbeaapeake and Appomattox formations; for the earlier members of 
the series bear no marks of transverse drainage. At a later date, the 
Appomattox and Columbia formations were separated by an epoch of 
great uplift and eroaion. "This epoch," According to BIr. Darton'a 
observations, "differed from Its liase-levelingpredeceasora liy greater rela- 
tlveemergence and consequent stream-action whlcb developed the greater 
part ol the present phyBiography of the region. This erosion deepened 
and greatly widened the trans verae drainage depreasions, and trenched 
the side drainage depreBsions, cut into the edges of tbe terraces to an 
extent gradually increasing northward fromNorth Carolina, and In north- 
em Maryland resulting In the removal of wide areas of the coastal plain 
formationa, especially he Cheaapeoke and Appomattox." 

On the Trintiir nf Mimnf-hiiKfUii. By Benjamin K. Emrrsok. Bull., 
O. S. A., VOL ii, pp. 4S1-458, with a map; April 38, tSUl. Marine currents 
probably produced by tides of tbe bay of Fundy type, are shown to bave 
distributed arkose from south to north, derived from the granites and 
schists along tbe west side of the Triassic bay or eatuary In Hassacbu- 
setta; and on the east a strong ebb current spread a coarse conglomerate, 
transporting its materials from north to south. In more quiet water 
along the central part of the basin, sandatonesand sbells were deposited. 
An artesian boring at Northampton passes through the arkoBe to a depth 
of 3,000 feet. Professor Emerson finds evidence of monocliual faulting 
with upthrows on tbe east aide of the faults, like the structure discovered 
by Davis In the continuation of this basin in Connecticut. 
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OUidiU grooeen lU the tonthern margin of the Drift. B7 P. Hajc Fobbat 
uid Richard R. HtCB, BulL, G. S. A., vol. II, pp. 457-464, with a plate- 
aiid one figure In the t«xti April 27, 1891, This luterestltig paper des- 
cribes the terminal morftine, kamea, terrkces, potholes, fttid glacUted 
rock eurfaces neftr the drift mirgln, in the valley of Bearer river, north- 
we8t«rD Peunsjlvanla. Powerful glacial erosion Is shown two milea or 
more south of the terminal moraine mapped by Lewis and Wright, upoa 
the area of "the fringe" of frequent boulders, which extends some miles 
In front of the moraine in this nelgboohood. 

Poit-pUi»taixn« fubeitUnre cer#iM gUinal diim». Bf J. W. Spkrcer. 
Bull., G. 8. A., vol. ii, pp. 46fi-47«, with a m&p; April 80, 1891. Shortly 
before the deposition of the glacial drift, there Is shown to have been ao 
elevation of the drift-bearing areas over 8,000 feet higher than now, and 
probably for a brief time to over 5,000 feet. Succeeding this uplift, the 
author believeu that a subeidence of the land carried it bo far beneath 
the sea level tiiat the now raised beach lines partially surrounding the 
great lakes of the St. Lawrence were shores of the ocejui. Recent 
emergence of the land, according to this view, Is recorded by the suc- 
cession of these beschea at dilTerent levels; and the alternative explana- 
tion which attributes the beaches to glacial lakes of fresh waterdaromed 
by a receding ice-sheet is disputed. A reprint of this paper, with slight 
changes appeared In the June number of the Geological Magazine. 

On Ihr. Urology of Qiifbei- and i-nriroiii. By Hbsrv M. Aifi,of thA Geo- 
logical survey of Canada. Bull. G. S. A., vol. li, pp. 477-502, with seven 
sections; April 30, IS91. The Intricate and much debated structure and 
relatione of the Cambro- Silurian terranes of Quebec and lt« vicinity are 
here carefully discussed, with lists of the fossils collected In numerous 
localltiea by the author and others. Mr. Ami advocates the retention of 
the name Quebec group, and considers the group to comprise three- 
natural and well-marked parts, lying next below the Trenton limestone 
In the following descending order: The Quebec, or upper division; the- 
L£vls or middle division; and the Slllery or lower division. The rocks 
thus grouped are referred by Selwyn to the Hudson-Utlca horizon above. 
Instead of below, the Trenton, 

Home 2feie Speftai of Vrinoidi nnd Bltutoidi. By Pbof. B. R. Rowlby 
and Sid. J. Hare. In The Kamat City SeieiUiH for August 1891, we 
have what la practically a continuation of the paper on Soiae Neie Speeiet 
of Erhiaodermatn by the same authors in the same magazine for July. 
The present paper contains descriptions of twelve new species, all of 
which are Illustrated by figures drawn by professor Rowley. 

Adcance theett from thf 17tk Report of the (le-ilugirul Sun:fy of the .^UiU 
of Indiinia, PROF. S. S. Gokbv, State Geologist. PnUrontology. By 8. 
A. Miller. Mr. Miller's contribution to the 17th Report of the Geologi- 
cal survey of Indiana, embraces 95 pages of text, and 20 plates with ap- 
propriate descriptions. 130 siiecies of fosrils sre <lescril>ed, and of these 
126 are new. The paper opens with remarks on the geologic formations 
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of Indiana. The lower part of*tbe Niagara group. In Indiana, ia char- 
acterized by the presence of the remidnB of cyatideana; while the upper 
part aboundB with crinolda, brachiopoda, bryoEoa and other foaalls." 
Host of the cyatideans iMlotig to the very variable genua Holoej/ttiUt. 
It ia stated aa a fact worthy of note that half of all the apeclea of cyatl- 
deane known from America occur in the flndaon River and Niagara 
groups of Indiana. There are remai^a on the ecientific value of foeails 
and on rules for nomenclature. 

Of the foMlla descrilMd there are three apeciea of apongea, and from the 
head linea it would appear that Mr. Mllier atanda with SavUle-Kent, In op 
position to the riewa of a majority of competent zooioglets. In referring 
sponges to the sub-kingdom Protozoa. There are twelve speclea of 
corals, one of which, the Leptopora gorbyi, n. a., ia doubtfully referred 
to the Tabulata. Seventy- eight species belong to fiiB Eehinodtnitata , 
moatly cyatideans and crinolda. Of the genua HoWyatitet alone 
ttiere are fifteen speclea. 

Among the ecblnodennata the following new genera are proposed: — 
Siribalofj/ttita, Zophoe.rinvt and Slairoerinut. Among apongea there ia 
one new genus, Cyrioipimgia. 

The remaining genera and apeclea embrace a few apeciea of brachlop- 
oda, one Connlaria and a number of mollusca. The PUurolmiiariit /uirii, 
p^e 68, Plate XIV., Figa. 8 and 4, might properly and profitably have 
been compared with P. rarbonariii, N. and P., and P. neicportemit White. 

Second Annnai Report of the Geologiml Siinteg of Texnn, 1890, E. T. 
DUUBI.B, F. 0. 9. A. 8tat« Geologist. Carboaiferou* Cephalopod*. By 
Alphkl'S Hvatt. The ^per on Carboniferous cephalopoda by profeaaor 
Hyatt embracea pages )tg9 to 356 Inclualve, in the Second Annual Report 
of the Geological Survey of Texas. The forma descritied were collected 
in part by the Geological Surrey of Texas, part belong ia the National 
Museum, and a few twlong to private Individuals whose namea are 
^ven in connection witii- the specific deacrlptlone. The genera repreaen- 
led are divided between the Nautihiidta and Goniiititin'r. To the first 
group belong Temnodieii^u, represented by five species; Mel/irocerai, by 
five species; Tai!iocera4,uae species; Domatoceras, anew genus to which 
is referred one apeciea; .Uymtartnit, one apeciea; P/uiroetnu, one; 
Kphippioreriu, one; and EndoUilmt, one. To the GouiatitlnK belongs the 
genus tinaln'oMTiM which is represented by the new apeciea W. eumpret- 
mim. As stated In the prefactory note the paper compriaesa larger num~ 
ber of species of Carbouiferua cephalopods than had previoualy been 
got together In a single publication. Excellent outline flgurea ac- 
company the descriptions. 

In theHeeonA Annual Report of the Oenlcgirnl Surrey iif Tejr/ig, page 558, 
profeaaor W. F. Cummlna deacrlbea a very beautiful and Interesting little 
coral from the Carboniferous strata of Texas, under the name, Hadro- 
phffUum nplatHt. II. aplntut ia certainly very cloaely related genericatly to 
Xierofydii* ditein Meek and Worthen, and It 19 poaslble that this last 
apecles will have to be referred to Ifudropliyllwii. Six good figures 
illuetnkte Prof. Cummins' apecles. 
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LIST OF RECENT PTTBLICATIOXS. 

1', Foreign Publication*. 

B«cords of the Oeological Survey of New SouUi W»Ie8, Vol. II, Pm 
8, containe: Notes on a Collection of Rocke and Mlnenls, from Mount 
Horgan, near Rockhampton, QueeualaDd, collected by Hr. C. 8. Wilkln- 
eon, by T. W. Edgeworth David, aod William Anderson. With an tntro- 
duction by C. S. Wilkioaon. Laboratory Notes on some N. S. Wales 
Minerals, by J. C. H. Mingaye. On the Occurrence of Microscopic 
Fungi, allied to the Genus PalaaeHya Duncan, In the Permo-Carboaif- 
erous Rocks of N. S. Wales and Queensland, with Plate VII, by R. 
Etheridge, Junr. The Associated Minerals md Volatility of Gold, by T. 
W. Edgeworth David, B. A. Analysis of Samples of Coal and Coke, 
manufactured from the various Coke -producing Coals In the Northern, 
Southern, and Western Coal Districts of N. 8. Wales, by J. C. H. Min- 
gaye. Note on Mr. J. U. H. Mingaye's Analysis of N. 8. Wales Coals and 
Cokes, by T. W. Edgeworth David. Lepidodendron, auitraU M'Coy— Its 
Synonyms and Range in Eastern Australia, by It. Etbertdge, Junr. 

Eclogie geologicw Helvetlip, Vol. 11, No. 4, contains: Revue geologe- 
que Suisse ponr 1890, Farre et 8chardt-, Programme des Excursions 
d'aout 1801 dans lea Prealpes romandes, avec pi. 9-12. 

Mittheil. d. Naturforsch, Oesell. in Bern, contains; Notlzen nber den 
Lias von Lyme Regis, J. B. Thiesslng. 

Annaien K. K. nat. Eofmuseums, Band VI, No. 2, contuns: Meteoi^ 
eisen-Studien, Cohen u. Welnschenk; Die Gasteropoden derSchlchten 
von St. Cassian der sOdalptnen Trias, Kittl; Leber Nepbrit und Jadelt- 
gegenetflnde aus Centralasien, Haberlandt. 

Fold. ECz. (Budapest), Vol. XXI, Nob. 4 and 6, contains: Awaruit, ein 
nlckeleisen-mlneral, Szabo; Beitiage zur Foramlniferen-fauna der 
AlttertUren Scblchten von Eie-Gyor, Kocsls. 



COREESPOKDENCE. 



The so-cAu.ED SAND-DUNES OF East Hamptok, L. I.— In a letter re- 
ceived from Geo. R. Howells, of South Hampton, of date January 21, 
ISSe, my attention was called to certain sand ridges at East Hampton, 
L. I. The writer said: " Were you aware, I wonder, of the existence of 
two sand dunes, like small amphitheaters in form, right along, or In the 
midst of the richest farm lands a tnile from the present shore line— per- 
haps not quite a mile — in the outskirts of East Hampton? These are 
veritable sand dunes of white sand covered with a growth of ordinary 
beach grass, and a geological puzzle- If we could say they were de- 
posited there by a cyclone, It would shorten matters, but we can't, and 
there is a difficulty in holding that they are signs of an old beach line. 
It is witli me a standing puzzle." 
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Tbe Btndj of the drift pheaomena, on tlie west end of the Island led 
me to BUBpect that the sand dunes in queetlon were formed by Hubglaclal 
BtreaiuB iBsuing from the front of the Ice-ehert that stretched along the 
AtUntic border during tbe Ice Age. It waa not until last Jnly, however, 
that I had an opportunity of vieiting the place Id person, and It waa 
gratifying to find my conjecture con&rmed by actual obaervatton. The 
aand dunes referred to are really kame formations. This can be seen at 
« glance by anyone familiar with glacial phenomena. Similar formations 
occur along the whole extent of the south side of tbe Island; but In 
general they are not quite as well defined aa those at East Hampton. 
Tbe so-called sea beaches in front of our bays, as at Rockaway, Oreat 
South beach, etc., are the same In origin. This hardly seems possible, 
but the more this phenomenon is examined tbe more evident the fact 
becomes. There Is a beautiful system about these beach or kame 
formations, and their study had led me to suspect, some years ago, that 
the system extended for miles beneath the waters of the sea, and It was 
very gratifying to find this view partially couflrmed by Prof. Agassiz. 
!n bis Lite and Correspondence, edited by his wife, page 446, In a letter 
to Elie DeBeaumont, he saysr " Mr. Be/or recognised all the modifica- 
tions of the osars of Scandinavia. Tbe deposition of the osara, as seen 
here, Is evidently due entirely to tbe action of the waves, and their 
frequency along the coast is a proof of this. In a late excursiou with 
captain Davis, on board a government vessel, / leiimed to iindrrttiind ike 
modt <f fifniMtion of the milnnitriiK dikfx bnrdfn'ng the matt at Tiiriotit dii- 
■tinef*, wbifh iroiild he ounrii iteif tlieg elrTi'ted." The Italics are our own, 
as tbe statement seems to conllrm what I had conjectured, but I tblnk 
Prof. Agassiz Is In error in regard tu their origin. Prof. Q. P. Wright 
and others who have studied these kame-deltas along the southern front 
-of the terminal moraine, in New England, as well as In Long Island, could 
.see that these formations— osara— as Prof. Agassi k calls them, are not 
the result of wave action, but are due to subglacial currents issuing 
from the front of the glacier. At Montauk, for a distance of some 
twelve miles, the waves of the ocean break directly upon the base of 
the ridge or terminal moraine. At this point the whole south side of the 
Island has become submerged, apd we can readily Imagine what tbe 
floor of the ocean is like some distance from the present shore line. 
Tbe sea is evidently gaining on the land along the whole extent of the 
Island, and It is only a question of time when the whole plain, south of 
the central ridge, will be washed away, unless something is done to 
-check the inroads nf the sea. If this invasion of old ocean has been 
going" on for the past ten thousand years, the south side of the Island must 
have been at one time much more extensive. There is evidence to show 
that at Bouth Hampton, two hundred years ago, tbe shore line was at 
least half a mile farther south. At the same rate of erosion four hun- 
dred years would bring the waten of tbe sea over the so-called sand 
-dunes at East Hampton, and these osars or kame-deitas would become 
the submarine dikes referred to by Prof. Agasslz. It is true that the 
waves of the sea would somewhat modify the contour of the plain In 
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th« process of submergence, but there is no doubt but tbat the ti&me sys- 
tem of ups and downs would exist as now charmcterizeB tbe south aide of 
the Island. 

There may be some other explanation found for the fonnatiOD of the 
beaches at East Hampton, but as I stood on thdr summits and looked 
northward, the old lines of drainage from the mor^ne to the sea were 
plainly traceable, and I am very confident that tbey are glacial In origin. 

Tbe study Ls full of interest, as much so as the coral formations of 
tropical shores, as remarked by Prof. Hhaler, and many problems con- 
nected with It remain to be solved. Future discoveries, I tbink will 
proTe that oscUlaUon has had little to do with the formation of either. 

Eiutport, I~ I., Angiui 9, 1891. John Bkybom. 

Ttejo ninge of Sieitntgua. I. have just arrived here from an examina- 
tion of the 18 raile long Tolcanlc nuBS, Vutju— in front or north of this- 
town— and found at a distance of about three leagues from the south 
has* of Its cones, fifty-six large springs of water Issuing from flesures,. 
aUalongthesouthslde, at elevations of 40 to SO feet above the Pacific 
ocean; also one spring of cool water flowing from a small clay-lmttom 
basin, at an alUtude of about 4,000 feet above the ocean, the highest 
cone, except one toward the west, which Is 5,870 feet above the ocean. 

On tbe north side of the cerro are several ( 8 or 10 ] large springs of 
tepid water, two of which contain so large a percentum of CaCO, as to 
have deposited hundreds of thousands of tons of calcareous tufas — 
nearly pure — e to 18 inches thick. In many places in this tufa the lime 
has substituted organic matter in periection so as to display the most 
delicate venation of leaves, molds of annelids and Insects, the tissues of 
trees, etc. These springs on tbe north side of the volcanic mass, tiow 
Into a tide-water estuiuy which extends for atiout 70 miles eastwardly 
from the gulf of Fonseca and "heads" at several springs of hot water, 
at Uie N. E. base of the cerro, in a vaitey which extends for about 20- 
miles eastward to lake Managua. 1 have drafted the skeleton for a 
paper descriptive of this volcanic cerro. J. Ckawford. 

Chirhigtilpii, Niftriig'in, 271k June, 1H91. 
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The Kanhau City Scientist (or July, ISJtl, has a pa|>er de- 
wribing Sfime h«w ».;>«■,>« .-/ Ethui<»hrm.,i/i, by Prof. R. R. 
Rowley and Sid. J. Hare. A plate containing twenty figures 
drawn by Prof. Rowley accompanira the paper. Fifteen new 
species are descrilied. The despairing palftMintologist is disposed 
to ask liow many more new species of crinoids the Subcarbonifer- 
OHS strata of tbe ^lississippi valley are going to furnish! 

The Usiversitv ov Iowa has receiveti from Prof, C. A. Whit- 
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\ag, of the University of Deseret, acastof a alab conUiniug some 
andescribed footprints. The slab was first used as a door-st^ 
by a citizen of 3alt I^ke City. While serving " such base uaea " 
it w&B discovered by Dr. John R. Park, president of the Univer- 
sity of Deseret and secured for the University museum. The 
casts were made by Prof. Ward, of Bochester. The tracks are 
three inches long and about three inches wide. There is in each 
the impression of three stout, clumsy toes, behind which la the 
imprint of a thick, well developed pad. The impressions of the 
fore and hind feet do not coincide, nor do they overlap to any 
appreciable extent. The stride of the animal was about eighteen 
inches. 

So far as learned from Prof. Whiting no description of the 
tracks has been published. The relations of the animal, and the 
geolf^cal horizon from which the slab was obtained have not 
been determined. 

Iv THE Annals and MaoazineofNatvkal History for July, 
1891, Dr. P. HerbertCarpenter has asomewbat caustic review of S. 
A. Miller's Description (if tome Lower t'rtrboii i/erouf < 'rinoiiil from 
AfiiMouri, published by the Geological Sun-ey of Missouri, 
and Miller and G-urley"8 DrscriplioH of «ome neio Genera nnil 
tprcietof Eehinoihrmala front Ihe Coal Memiiret and Subenrlma- 
ifrrmm Roek» of Intlinnii. Miaiiari, mid Jotca, published at Dan- 
ville, 111. The papers referred to contain descriptions of six 
new genera and over ninety new species of Crinoids. In sum- 
ming up his review Dr. Carpenter expresses himself thus severelj' : 
'■Three at least, and probably four, of his [S. A. Miller's] last 
six new genera of Crinoids would never have been proposed had 
he taken the tronble to make himself properly acquainted with 
the biblit^^phy of bis subject; and I suspect that quite half of 
his ninety new species will prove to be synonyms when they come 
to be revised. 

Careless and ill-informed authors of this class are the terror of 
systematiats in all branches of biology. Their sole object seems 
to be the association of their names with as many ' new species ' 
as possible, and one's first impulse on seeing ' A Description of 
^me New Genera and Species,' q^. , is to parotly ' The Bogie 
Man,' and say with bated bi-eath, 

' Hush! Hush! Hueh! Here cornea the species man.' " 

Dr. J. KosT IN His PRELIMINARY fiuBVEY OP Floripa discov- 
ered in the channel of the Ichetucknee river, the remains of six 
mastodons, an elephant, one camel, and teeth of two species of 
rhinoceros, with many bones of animals still living, in a higher 
deposit. Two of the mastodon skeletons are nearly perfect. At 
Heidelberg University. Tiffin. 0. , the Polytechnic Department is 
engaged in making plaster of Paris restorations of these and of 
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ull other extinct life types available, and will fumisli them to in- 
stitutions at not over one-fourtb the cost of origioals. 

American AflaociATion for thb Advanckmemt of Science. Of the 
man; papen read in the geological Bection during the late meeting at 
Washington, not all can be gpecially ootlced. 

Dr. Foote, of Philadelphia, gave an account of the dlecovety of dia- 
monds in a meteorite from Arizona. In Bliclng the meteorite flomething 
hard was struck that deatrojed the corundum wheel, and was only 
cut with great trouble. On eianiinatlon of the layers a nest of small 
black diamoadH was discovered, and the mineral recognized by its in- 
tense hardneee. A very small and clear crystal was also found, but was 
lost during the operation. This, said Dr. Foote, was the first example of 
the occurrence of diamonds In an iron meteorite, though it had been 
twice reported from atony ones In Russia. 

Hr. Wm. Hallock related to the section the story of the deep boring 
now in progress at Wheeling. It was begun In the hope of flading gas 
uroil, but when the depth of 4,500 feet had been reached withont any 
success, the projector determined to abandon it and an order was given 
to that efTect. Prof. I. C. White.of Morgantown. W. Vs., bearing oftbis 
order and realizing the importance of the opportunity, set off immedi- 
ately for Wheeling, and obtained a countermand only'juat In time, aa 
the contractor bad already begun to draw the caetng. He persuaded 
the owners to give up the well, wblch was entirely dry. for the purpose 
of scientific experiment. This they did and generously offered to con- 
tribute the amount needed to deepen the hole to 5,000 feet. The C S. 
government then agreed to fnrotsh a new cable, and as soon as this has 
been received the work will recommence. 

According to experiments already made with the thermometer, appar- 
ently with all due precautlona, the result is new and unexpected. A rate 
was obt^ned below the 100 foot plane of 1° in 90 feet, increasing down- 
ward tin at the bottom it amounted to 1° in <0 feet. As tbls contradicts 
nearly all the data obtained elsewhere tt is more probable that some 
local cause of error or some exceptional condition prevails at the well, 
at least In Its upper part, for the lower figures do not differ much from 
those obtained elsewhere. 

Prof. Lester F. Ward read two valuable papers on the plant life of the 
Trias and the correlation at strata by vegetable fossih. He showed that 
our knowledge of these organisms baa been until lately, and Is indeed 
even now to a leas degree, too ImperFect to allow of their use In the cor- 
relation of strata, but maintained that as the gaps In fossil botany are 
filled they will become available for the purpose In the same way aa are 
now the remains of animals. He Illustrated bis point by tables showing 
the distribution of plants in the richer floras, eapeclally in the Carbonif- 
erous and Meaozoic. He further dwelt on the identity and dlssindlai- 
Ity of the fossil plants found in the American Triassic basins, and ex- 
hibited tables giviniE the number of species peculiar and common to 
each. In conclusion Prof. Ward pointed out a few of the conclusions 
that could be deduced from the facts given. 
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Prof. S«ff(»d exhibited some bonea of Meg:aloiijx, Uteljr fonnd 
in Kg Boae cave, Tetm. TlieM he believed to be complementatj 
to those described tnauf yeare ago from the same piece, bj the 
Ute Dr, Leidy. Some of thew, es In the former cue, retained 
portioDB of cartllege Indicatlog no very ancient date. In the- 
account of this animal recentlj given in the pages of the Qsoii- 
osuT, it was slated that the pelvis of Hegalonyx was unkaown. 
As Prof. SaSord's specimens showed the two iliac bones and a small 
part of one puble the above statement is no longer true. 

Considerable discussion took place on the existence of the " Cincin- 
nati Ice-dam," but little progress was made in settling this vexed ques- 
tion. In this connection we may notice another topic on which consid- 
erable difference of opinion was manifested, namely, the attitude of the 
continent during the Pleistocene era. The extreme party on one side 
ttdTocated an elevation of 8,000 feet, and hinted that twice aa much was 
poeslble, while the other party could see cauee and evidence for no 
changes of level so great. Testimony on this subject Is coming gradu- 
ally to light, and the Pleistocene is assuming a more and more complex 
character and history from day to day. Some deep borlngs,fo( example, 
one at Rochester, N. Y., and one at New Portage, near Akron, were de- 
scribed, the former by Prof. FairchUd, and the latter by Prot. Claypole. 
Mr. Van Hiee presented a paper on the relations of the Atgonklan and 
Archean In the Northwest, and Capt. Shufeldt one on the avifauna of 
Oregon, giving an account of some very large fossli birds. 

Several other papers of considerable interest by various authors, con- 
cluded an interesting and useful, though not an eventful meeting. 

Gkolooical SoriETY of Amiktca. Following the Association 
or rather iml>e<Ided in it came the meeting of the U-eologicai 
Society of America. A new and large detachment of American 
geologists miiBtered to reinforce those previously present and 
work l^egan again with new energy but in a slightly differeat 
direction.- Nomerous foreign geologists also l>egan to arrive for 
the CongKss that was to meet in a day or two and great coDfuaion 
of tongues prevailed in the halls and corridors. A very agreeable 
feature of these gatherings is the opportunity which they afford 
of seeing the faces and feeling the handgrasp of men with whom 
correspondence and community of employment liave long made 
many familiar. 

A very fitting commencement of the proceedings was the read- 
ing of a memorial of the late president of the society by bis 
brother, Prof. N. H. Winchell. This presented to the members 
an excellent sketch of the life and works of one of the most emi- 
nent geologists of this country', who did much to popularize the 
science among teachers and in the general community. 

A very valuable and closely condensed account of the geology of S. 
America was presented by T)r. Uustaf Stelnmann of the University of 
Freiburg, Oermany. In It was brought out the fact that the well recog- 
nized Olotioplerit flora of Australia, etc., also occurred In S. America, 
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BO that the Uttd over which this Hon extended was wide enough to In- 
clude B. Amerlcft. This gives « Mesozoic cast to the fossil Carbonif- 
erous flora of the greater part of the southeni hemlaphere aud probably 
to some parts of tbe northern and indicates apparently, as Prof. L. V. 
Ward pointed out, that In or after tbe Permian period of glaciation the 
old crypioKamlc and coniferous Qora yielded to its more adaptive 
sncceworandretreated to the northward where it held its ground for 

The Carbcmtferoue of 8. America Is in many places, said the speaker, 
covered with marine Llasslc beds, often' conformable and contalniog 
genera such as those of Europe, And tbe whole Heiozolc series la inter- 
calated with immense masses of volcanic material. 

Dr. August RothpletE of the University of Munich, read an able paper 
on the Mesozoic formation at the E. Indian Islands, Timor and Rottl. 
A rich Carboniferous flora is found there also characterized by 
QloBSopterls, and the speaker Indicated tiiat the southern area bad 
been long isolated from tbe northern so that passage either way waa 
not possible. 

Mr. A. Barker, of Cambridge, England, read a learned but technical 
paper on tbermometamorpbism in Igneous rockc. 

Prof. L. F. Ward presented a paper on the relations of the fossil plants 
of tbeTriaasic in America, in which he pointed out with tbe aid of tables 
the nature of species peculiar and common to the different Trlasslc basins 
not known in this country. 

Mr. Joseph F. James gave a summary of the literature and history of 
Sceiilkut pointing out Its little value In the classlflcation of rocks and 
suggested that the species should be named from their horizon 
rather than the borUon from the species. 

A paper by Hr. R. A. V. Penrose, on the Tertiary iron ores of Ark. and 
' Texas., gave the physical and stratigraphlc details of their occurrence. 
Mr. Hay described gome "sandstone dykes" in northwestern Nebraska. 

The evening was at first given to two papers on orographic geology. 
Tbe first waa read by Mr. Cadell of Edinburgh on some experimental 
reproductions of Bcottish mountain structures and the second by Mr. 
Bailey Willis on tbe mechanics of Appalachian mountain structure. 
Both were illustrated by lantern views and were Intended to show the 
production of faults and thrust-planes in strata under tangential com- 
pression. 

A series of beautiful aud very instructive views of the Muir glacier in 
Alaska by Mr. Coeblng closed tbe evening. These were shown by the 
lime light and formed a marked feature of tbe meeting to alt who saw 
thenh M. Cuebing's estimate, It may be remarked, of the rateof motion 
of the glacier reduces the figures of Prof. Wright from 70 feet per day to 
7 feet and even to less, and he also stated that It bad retreated a full half 
mile In the four years since Prof. Wright's visit. 

On Tuesday morning Dr. Fredrich Schmidt, of the Academy of 
Science, St. Petersburgh, read a paper on tbe £urypteru3 beds of Oesel 
compared tvltb those of N. America. 
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The Baton de Oeer, of Stockholm, gave an InterestlDg and valuabU 
account of the Quaternary changes of level In Sweden which elicited 
several remarks on their resemblance to cont«mporaneoui changes 
In this country. He Instanced several extensive ooclllations be- 
fore, during or after the Gracial era, during aome of which great 
part of the country was below the aea and other parts reduced 
to the form of Islands. Prof. Kraasnof discusaed the "black earth" of 
aoutben Russia, and Its resemblance to the soil* of the American 
prnlriea. This elldted a discussion on the complexity of the problem of 
theae soils, and tho morning session closed with a Bhort paper read In 
French by Prof. Stefaneacu, of the Uoiversity of Bucharest, on tlie 
occurrence of Dlnotherium In Roumanla. 

Pres. T. C.Chamberlin In the afternoon Bummarized the standing of sev- 
eral of the theories which have been suggested to explain theoccurrence 
of the Ice age. After stating that the hypothesis of CroU now fails to 
account for the phenomena, at least on thlsconttaent, he hastily sketched 
the theory of elevation as the cause of the cold, and offered as la bis 
view most probable a change of the axis of the earth's rotation. In the 
discussion that followed some opposition was developed and tt was 
apparent that the geologists present were far from agreement on the 
subject, a result that might have t>een anticipated. 

The society was divided Into two sections in order to render the com- 
pletion of the program possible. Papers on the drift and kindred 
subjects were read in one room and the rest In another. Hr. R. D 
Salisbury mentioned the occurrence of the pregUclal Orange sand 
of the Htsslssippi In Illiaols and Indiana and at levels considerably above 
tbe present river, Indicating the attitude of the country at that time. 
He also stated the occurrence of an older drift outside the so-called 
terminal mor^ne in New Jersey and referable totheearllestdriftof 
which we have any knowledge. Mr. S. suggested further that though 
we are accustomed to speak of two glacial eras, yet there may have been 
three, the earliest of which la represented by the deposits wblch 
he described, the second by the silt layer and tbe third by the mo- 

Petrograpblcal papers were presented by Hr. J. P. Kemp and Hr.O. A. 
Derby. Mr. R, T. Hill contributed one on the geology of Texas and New 
Me.tlco and Mr. Wiaslow another on the condition of deposition of the 
Missouri Coal Measures. 

Prof. SaSord exhlbitedsome interesting specimens consisting of the 
bones of a Megalonyx, from Big Bone lick, Ky. These he considered 
to be the remainder of the skeleton of the animal discovered by Leldy 
in his "Contributions." Like those some of them showed the remains of 
cartilage indicating no excessively ancient date. 

In a short address Prof. E. W. Ciaypole related the discovery of a deep 
pregloclal channel previously unsuspected. It is about five miles from 
Akron, O. The auger went down nearly 400 feet before the rock was 
reached showing that at this point the old river lied was cut don-n to 
the level of lake Erie though 40 miles distant. 
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The society Is non in the third year of its existetice and aumben inar» 
thkD 300 memben scattered orer the country from tlie Atlsatlc to the 
Paciflc Tiro volumes of trausactlotiB have been publUhed embodyiag 
tbe resuits of researcbes ia almost every field of geology. Tttey may be 
obtained from tbe secretary. Prof. H. S. Fidrcbild, of Rochester, N. Y., 
to whom also should be addressed all applications for membership. 

A SPECIAL PAaxy will study the Pleistocene of the southern 
coastal plain from Alabama to Mexico, leaving Washington im- 
mediately after the adjournment of tbe International Congress of 
Geologists. The party embraces the following: W. 3. McGee, 
E. W. Hilgard, Eugene Smith, J. A. Holmes, Lester F. Ward 
and Robert T. Hill. Subsequently the relations of the "Trinity' 
of Texas, and the " Potomac" of Vii^inia, will be investigated 
in the field by Messrs. Ward and Hill. 

Of the ninety fokeiqn deleqates to the International Con- 
gress of Geologists present at the Washington session, sixty- 
three participated in the western excursion to the yellowstone 
Park and the Rocky mountains. 

At the Meetinq of the Committee of Oboanization of tbe 
National Association of Qovernment Geologists, Saturday even 
ing, August 29, the secretar}', Mr. Arthur Winslow, was instructed 
to draft a Constitution and By-Laws, to be submitted to the com- 
mittee at a meeting to be called in connection with the Annual 
meeting of the Geological Society in December next. 

The secretaiy was further requested to notify all State Geolo- 
gists of this movement towards organization, and to invite them 
to be present at the'next meeting. 

Prof. 0. C. Marsh has crossed the Rockv Mocntaiss 
twenty-seven times, in quest of fossil vertebrate skeletons, first 
in 1868, and remarked that he hopes to cross them as many times 
more. 

PsoF. E. H. Bahbodr, Grinnell, Iowa, has accepted the pro- 
fessorship of geologj' in the State University of Nebraska, at 
Lincoln. 

Dr. Theo. B. Comstock, of the Texas Geoloqical Survey, 
has been appointed director of the School of Mines, Tucson, Ari- 
zona. 

The basin of Itasca lake, which flows northward and is en- 
closed on all other sides by morainic accumulations, was formerly 
filled l}y a lake of much lai^er dimensions. Mr. J. V. Brower, 
in his official report on the new Itasca park, established by the 
last session of the Minnesota Legislature, describes the valley, 
and proposes for the extinct lake, which doubtless subsided to 
tbe dimensions of the present lake on the withdrawal of the ice 
of the Glacial epoch from the region, the name "lake Upham," 
in recognition of the efficient work of Mr, Upham on the glacial 
geology of the state. 
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BEECHERELLA A NEW GENUS OF LOWER HELD- 
ERBQRG OSTRACODA. 

By E. O. I'LUCH, Ktftporl, KJ, 

About tlie begiontDg of this year I waa greatlj' pWaaect at re- 
ceiving from Dr, C. E. Beecher, of New Haveo, Conn., a not 
only bountiful but an exquisitely preservetl lot of Lower Helder- 
berg Ustracoda; and iu a few days thereafter another series of the 
same, scarcely less extensive and excellent, from my well-tried 
friend, Mr. Charles Schuchert. To both of these esteemed gentle- 
men 1 am under the greatest obligations because of their untiring 
efforts to aid me in my studies of these minute fossils. The 
extreme liberality with which they have supplied me with spec- 
imens, the picking out of which has doubtless consumed much of 
their time, is conclusive evidence of an nnselfish desire to advance 
science that is as unusual as it is commendable. 

These Lower Heldertterg specimens are all silicified and have, 
by thejudiciousuaeof acids, been freed from thehard, stonymatiix 
that originally enclosed them. They are, therefore, unusually 
perfect in their preservation, and exceptionally adapted tor 
detailed study. In these respects they are but little, if at all, 
inferior to the beautiful things washed out of the Falls of the 
Ohio " Bryozoa bed," some of which I described lately (Jour. 
Cin. Soc. Nat. Hbt. Vol. XIII, 1890-91). 

In the "introduction " to that paper I made some remarks on 
the distribution of the known American paleozoic OstnKtoda, 
stating also that aumerous forms may be looked for in our Upper 
Silurian and Carboniferous deposits. The truth of this predlc- 
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tion, in the first cose at least, has received almost startling confir- 
mation by these discoveries of Dr. Beecher and Mr. Schuchert; 
and in the second case a good beginning has been made by Dr. 
Herman Herzer, who recently sent me a quantity of shales and 
limestones, from the Coal Measures of Ohio, that are largely 
composed of the shells of Ostracoda. 

In the present paper I am obliged to restrict my observations to 
a small but very remarkable group of species, not represented, 
so far as we know, outside of the Lower irelderberg rocks of 
New York. They seem clearly to indicate a new genus that 1 
propose naming Beechenlln; in recognition of the discoverer's 
paleontological labors. From a collector's standpoint, a striking 
feature about these species is the rarity of the individuals rep- 
resenting the six or seven distinguishable forms. Of only one 
have we as many as five valves, while of the others the number 
seen is three, two, or only onel 

The associated species, on the contrary, are in most cases 
numerously represented. Especially is this true of .Echmlnn, of 
which there are at least two species, probably identical with the 
English and Scandinavian ^E. buKian and .E. ciupidata. Among 
the others we may mention Beyrichio, Kloedenia, BoUia (/), 
Jdiioren, Bythncypriii, etc., each with from one to four or more 
species, and most of them, if not all, with more or less obvious 
relations to Wenlock species. But this bears upon a too impor- 
tant question—'', r., the correlation of American and European 
Htrata — to permit of definite assertions previous to much more 
careful and detailed comparisons than I have yet found time to 
make. I am however now, through the kindness of Mr. G-. B. 
Vine and Prof. T. Rupert Jones, fairly well equipped to enter 
upon such comjKirisons, and hope in the near future to undertake 
them. 

Beecherella, n. gen. 

Carapace small, elongate, boat-shaped to ovate, moderately 
convex, more or less inequivalve. Dorsal margin varying from 
nearly straight to strongly convex ; back sometimes flattened, with 
a sharply defined carina on one or both valves, giving them a 
triangular shape in cross - sections ; in other cases the dorsal slope 
is merely convex. Antero-dorsal extremity acuminate, often 
drawn out into a long spine; spine strongest on the right valve, 
sometimes al)sent entirely on the left valve. Posterior extremity 
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acuminate or roanded. Ventral edge gently convex, occasionally 
straightened in the middle. Hingement simple, the dorsal edge 
of the right valve especially somewhat thickened and in the central 
portion slightly overlapping the left valve. 

Type, JiefcJierrl/a carintita, n. sp. 

Some of the species about to be described nnder this generic 
name deviate rather widely from the one selected as the type. 
Only one feature is common to them all — the anterior spine. 

The value of this character as an indication of true generic 
affinity may have been over estimated, and it is therefore possible 
that more than one generic group is represented. This is however 
a point that cannot ae yet be determined, since, without more 
material of these and other species that sooner or later is certain 
to be discovered, it is not possible to pick out with certainty the 
really diagnostic characters. 

B. ocata may seem the farthest removed from B. cariniiUi, but 
B. gnbtumiil'i is clearly an intermediate form, as is also B. erittain. 
B. navicuta and aiiffulariii, however, differ from all the others in 
this, that the anterior spine is a prolongation of tbe dorsal edge 
instead of the dorsal carina or of the anterior slope. It is here, 
perhaps that another genus is indicated. 

Respecting the position of Brfcherdta I find myself quite 
unable to arrive at any satisfactory conclusion. Many of the 
Cypiidinidie it is true, have an anterior spine or hook, but here 
the resemblance ceases. The thin shells of the Cypridce also are 
({uite different, though one form of Ct/prin has been described, as 
having a front spine ( C^ conu'gera, Jones Geol. Mag.- 1888, p. 
S36, fig. la-f), and Bairdio occasionally presents resemblances. 
And then tbe Lrpi-riliiii\la; a family that already includes many 
odd forms, does not, so far as I can see, contain anything throw- 
ing light upon the question. At present, therefore, I am obliged 
to view Beec/ienlln as one of those groups of fossils, so frequently 
presented to the student of paleozoic paleontologj, that bailie the 
most careful efforts of the systematist to classify successFutly. 
Beecherella carinata, a. ap. 

PLATE II, F109. 1-4. 

Size: a large right valve; greatest length, 3. tiO mm.; greatest 
hight,0.77 mm.; greatest thickness, 0.50 mm.; length of anterior 
spine abont 0.65 mm. ; greatest length of valve at inner edge, 
2.90 mm. 
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Valves elongate, boat-shaped, extremities acuminate, subequnl 
the anterior spine strong, projecting greatly beyond the end of the 
hinge margin; from this spine a sharply defined thin, and gently 
curved dorsal ridge or carina, extends backward to and a little 
bej'ond the angular postero- dorsal extremity. A sharp impression 
exteuds a short distance obliquely downward from this extremity 
of the ridge. Back flattened except where it runs into the ter- 
minal spines; a faint channel along the edge. Ventral edge 
nearly straight, cun'ing uniformly upward at each end. Surface 
without ornamentation, with point of greatest convexity ( thick- 
ness ) at the dorsal carina about midway of the length. 

In a view of the inner aide the dorsal edge is strongly convex, 
and the anterior junction with the ventral edge verj' acute and oc- 
curring beneath or about the middle of the higbt. The largest and 
best of the valves seen presents a feature about which I could 
not satisfy myself that it really belongs to the valve. I refer to 
the thin oblique diaphragm -like structure shown in the right half 
of flg. 2. If it is really a normal structure then it appears lo be 
restricted to the right valve, as I fail to notice any sign of it in a 
well preserved left valve. Nor can I detect any aign of snch a 
diaphragm in the other species. 

The elongate form, sharply carinate back, acute posterior end, 
and the strength of the anterior spine are the distinguishing 
features of this species. It should require but a glance to sep- 
arate it from all of its known associates. 

Fijrmation and iocalily: Lower Helderberg group, AlbaDycouiity,N.Y. 

Types In Dr. C. E. Bttecher's collection. 

Beecherdlla subtumlda, n. sp. 

PLATE II, FI08. 5-7. 

Size of right vahe: greatest length, 1,90 mm. ; greatest hight, 
0.70 mm. -, thickness, 0.55 mm. ; length of valve at inner edge, 
1.53 mm.; projection of spine beyondanterior edge about 0.35 nun. 

Valves elongate-ovate, slightly widest in the posterior half; 
extremities, excluding the anterior apinc, subequal, the posterior 
a little the bluntest of the two. Dorsal margin straight, sharply 
rounded at the postero-dorsal angle, and very slightly bent down 
where it passes into the strongly projecting anterior apine. 
Antero- ventral mai^n ( in a side view ) straight or faintly concave 
to the end of the spine. Ventral edge, uniformly convex, from 
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base of ODtrarior spiae to point on' posterior edge one-third of 
hight of valve beneath the dorsal line, the curve corresponding to 
something near a one-third s^ment of a circle. Posterior end 
most produced above, with a flattened border or flange projecting 
beyond the inner or contact edge-, flange widest above, vanishing 
in the lower third. Back strongly convex, without carina, but 
with a shallow channel close to the edge. Surface smooth, valves 
tumid, with point of greatest thickness a little above the middle. 
In a view of the inner side the contact edges form an elongate- 
oval, with the anterior end sharply rounded or sub-acute, and the 
dorsal side straighter than the ventral. 

This species is too obviously distinct from the preceding to 
r^uire comparisons. H. •ivuin has much wider valves, with 
(jiiite different surface contour; while B, rrininfn has the dorsal 
margin more convex, and a thin carina or crest on the dorsal 
slope. 

Fonuntion nnd Ui/xtUty: Same as preceding. 

Type in Dr. C. B. Beecber'e collection. 

Beecherella subtumidei, var. Intermedia, n. var. 

PLATE II, PIO. 15. 

Sizco/ right calve: Length (excluding spine) about 1.17 mm. ; 
hight, 0.t)3 mm. 

This name is proposed provisionally for a single right valve, 
that, l)eing a little imperfect at the anterior end, 1 think it wisest 
to view with conser\'ative judgment. At first I was inclined to 
regard it asa young right valve of B. ncnta, but on re- examination 
that view lost probability, and I now believe that its relations are 
nearer B. fi(i>tiimi''^'r, with the chances strongly in favor of ultimate 
specific separation from both. A comparison of figs. 5 and 15 
shows that the latter is comparatively shorter, the antero-dorsal 
angle abruptly cun'cd tnstea<l of gently declining, the anterior 
end probably blunter, and the ventral edge a little more convex. 
In the two points last mentioned the shape is more nearly as in B. 
ocita (see fig. 14) with which it agrees further in having the 
anterior spine less produced beyond the end of the valve, and its 
base situated farther back on the antero-dorsal slope — not however 
as much so as in that species. Its surface is less and more 
uniformly convex than B. mihliimiifa, while B. itciltr has a low 
cardinal ridge running backward from the spine, and a shallow 
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depresaiou beneath it, neither of which is repreeeuted in v&t. 
iwtermtdia. 

Formation and loeality: Same as precedlog. 

Collected hy Hr. Ctms. Schuchert, but now In the author's cabioet. 
Beecherella ovata, n. sp. 

FLAT£ tl, FIOB 13 AND 14. 

She of left valvf: Length, about 1.87 mm.; hight, 1,10 mm.; 
greatest thickness, 0.50 mm. ; length of spine, about 0.60 mm. : 
projection of same bejond anterior edge, about 0.30 mm. 

Of this species the left valve illustrated on the accompanying 
plate is all that has so far been discovered. It is a little imper- 
fect at the posterior end but the remainder is in sufficiently good 
condition to justify description. 

Left valve ovate, widest posteriorly, with point of greatest 
bight, about midway between the extremities. Dorsal edge gently 
convex, posterior end semicircular, anterior end sharply rounded 
and most prominent Just beneath the spine; ventral edge rather 
strongly convex, with the cnn'e in the autero-ventral region 
somewhat straighteneil. Anterior spine rather long and slender, 
but projecting only about half its length beyond the anterior edge ; 
continuing backward from base of spine a low rounded dorsal 
ridge is traceable across the middle third of the length 
of the valve. From this ridge to the dorsal edge the slope 
is abrupt, while just l)oneath it a shallow depression, widest and 
deepest at a point a little in front and above the center of the 
valve, is noticeable. Just Itehind the center an obtuse elevation 
constitutes the point of greatest thickness. Anterior, ventral, 
and posteriorslopes gently convex. Surface without ornamentation. 

Fttrmiiiion iind loriility: Same as preceding. 

Type in Dr. C. E. Beecher's coUectioD. 

Beecherella cristata, d. sp. 
PLATE II, FUI8. 16-H>, 

Sizf of riiUri- ninijMicr: Length, including anterior spine. 1.27 
mm.; length, without spine. 1.10 mm.; bight, 0.49 mm.; thick- 
ness, 0.47 mm. 

Carapace elongate ovate, narrowly rounded behind, acuminate 
in front. Dorsal and ventral sides neariy equally convex. In a 
ventral view the two valves are about equally convex, with the 
point of greatest thickness near the middle. \'alves unlike, the 
left without spine or crest, but with a narrow flattened liorder at 
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each end. Right valve with a faint donal overlap, a rather small 
aabterminal anterior spine, and behind itathin crest-like longitud- 
inal ridge sitnated about midway between the center of the valve 
and its doraal edge. 

This is the only species of the genus of which the two valves 
have been found in conjunction. They are so different that if 
found separate they would scarce!}' have been referred to the same 
species. Indeed, the spineless left valve would most likely have 
been regarded as Bythoci/prU. The two valves are known also of 
B.. carinata and B. navtcu/a, but in these the anterior spine of the 
left valve la merely somewhat smaller than that of the right, while 
the B. ovata, of which tbe left valve only is known, this spine is 
very well developed. B. mihrumiila, known only from right valves, 
is evidently a related form, and it is possible that in it too the 
left valve is spineless, which may account for its non -recognition. 

Formation nod loralilff: Same as preceding. 

Tjlte pk'ked from Hoe residue sent me by Mr. Chas. Schuchert, and 
now in my cabiuei. 

Beecherella navicula. n. sp. 

PLATE 11, FIOS. 8 AND fl. 

She of left talvt: Length from extremitj" of spine to posterior 
margin, 3.4 mm. ; hight, 0.7 mm. 

Valves elongate, boat-shaped, the dorsal and ventral margins 
sub-parallel, the former long, gently convex, anteriorly drawn out 
into a long spine projecting forward and a little upward lilce the 
bowsprit of a boat; posteriorly landing down into the sharply 
rounded posterior margin. Anterior end sloping l>ackward from 
the base of the spine into the ventral edge. The latter is straight 
in the middle, and gently curved upward behind. Surface mod- 
erately convex, the dorsal slope the most abrupt. The spine of 
the right valve s'igbtly stronger and longer than that of the left. 

On the inner side the dorsal edge is thickened, especially in 
front where it forms the projecting spine. Running nearly 
parallel with the anterior edge a ridge, quite distinct in the left 
valve, but much less so in the right, is to be obaen'ed. From the 
nature of the parts forming the anterior half of the valves it 
appears that when joined and the carapace closed an opening must 
exist just beneath the spines. 

There is little probability of confusing this with any of the 
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preceding species. The internal differences are so striking that a 
generic rather than specific separation is suggested. 
Formation and loaditg: Same aa preceding. 
Types Id Dr. C. B. Beecber'a oollectlon. 

Beecherella angulans, n. sp. 
PLATE II, pins. 10-12. 

Size, of right valcn: Length 1.46 mm.; hight, 0.7B mm.; 
thickness, 0.38 mm. 

Valves obliquely acuminate-ovate, in a side view, triangular in 
cross-section, the dorsal side being nearly straight, with a wide, 
subtriangular flat or slightly concave l»ack, the posterior third 
semicircular, the anterior margin gently curved and sloping back- 
ward from the pointed antero-dorsat extremity into the neatly 
rounded ventral mai^n. Point of greatest thickness just 
beneath the dorsal ridge from which the surface slopes with a 
gentle convexity to the free margins. 

The general expression of the only valve of this species seen 
except that it is inequilateral, resembles that of the ventral valve of 
a minute Spiri/era with a wide flat area. The possession of such a 
flattened back recalls B. cui-inata, but the relationship canonly be 
remote since they differ so greatly in all other respects. Nor do 
any of the other species approach B. angularU sufficiently to make 
comparisons either necessary or desirable. 

Formation mid locidity: Same aa preceding. 

Type in i>r. <J. K. Beecher's collection. 

EXPI.AHATIOH OF PIJITK. * 

Brkckekkll.^ carin.^ta, n. ap. 
Fig.*!. Nearly perfect right valve. 
Fig. 2, Interior view of same. 
Pig. a. Dorsal view of same. 
Fig. 4. Interior view of a small left valve. 

BfKcnERSLLA scnTUMinA. D. sp. 
Flgs.5,6and7. Reapecifvely interior, aide and dorsal views of a right 

BEECHBnKLT.A NAVICULA, U. Sp. 

Fig. 8. Interior view of a perfect left valve. 

Fig. 9. Interior view of the anterior half of a right valve. 

BsBCHKnELLA ANOULATA, U. Sp. 

FigB. 10, 11 and 13. Interior, end and dorsal views of a right valve. 
(The dorsal view is too long.) 

Brecuekella ovata, n. sp. 
Figs. IB and 14. Dorsal and side views of the only apecimen, a left 
v^ve, aeen. 

Bkecherei.la sl'btdmida, var., iNTEnHEniA, n. var. 
Pig. 15. View of the interior of a right valve. 

Bebchkrella cristata, n. sp. 
Fiirs. 16, 17, 18 and 18. Respectively right side, left aide, ventral and 
dorsal views of a perfect carapace. 
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NOTES ON THE MUIR GLACIER REGION, ALASKA, 
AND ITS GEOLOGY. 

By n. P. C-rsuma, Clevplind, O. 
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INTRODrOTIIIS. 

In the spring of 1SW\ m party waa oi^anized by Dr. II. F. 
Reid, of the Case School of applied Science, Cleveland, O., to 
proceed to Glacier bay, Alaska, for the purpose of mapping the 
basin of the Muir glacier, and of making as thorough an explora- 
tion as the time at their disposal would permit. The party con- 
sisted of Dr. Beid, Messrs, H, McBride, J. ¥. Morse, C, A. 
Adams, of Cleveland and R. L, Casement, of Painesville, O., and 
the writer, ^Ve reached Glacier l>ay on the 1st of July, and 
were fortunate In finding Prof, John Muir already in camp there, 
with Mr. Loomis, of li^eattlc, Wash. , as a companion. Our stay 
was made vastly more pleasant and profitable by Mr. Muir's 
presence and knowledge of the region. He made the first ex- 
ploration of the amphitheiitre occupied by the main mass of the 
glacier (see map), le.aving cainp in the middle of July, and in a 
solitary trip of ten days duration, passing completely around this 
amphitheatre. Our party had been preceded in work at this point 
by Prof. G. F. Wright, who spent a month here in 188C. His 
retalts are well known and bis work was of value to us in many 
ways. 

Work in an unknown and difficult region of considerable extent 
must necessarily be largely the work of the scout. Detailed ob- 
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servations are out of the question. It is believed that more gen- 
iiral ones are of siifflcient interest to be worthy of record. 

DESCRIPTION OF THE REGION. 

Glacier bay is a narrow arm of the sea about thirty miles long 
and five to eight miles wide projecting northwestwardly from Cross 
sound. Between it and the Pacific lies a rather narrow peninsula 
occupied by the Fairweather range of monutains, aud two minor 
ranges west of it. East of the bay is another narrow and 
mountainous peninsula separating it from Lynn canal. Near its 
head it bifui-cates into t)ay Glacier proper and Muir inlet, the lat- 
ter projecting from the main bay iu a northerly direction. It Is 
from three to four miles long and from one to two miles wide. 
Into its head Muir glacier advances. Themountainsadjoiningtbe 
Iwy are mainly low, rounded spurs rarely exceeding 3,000 feet in 
hight, but present occasional sharp peaks rising from 5,000 to 
fi, 000 feet above tide. Their northern slopes are often permanently 
snow-clad, but southern exposures are entirely free from snow 
in Bummer, and gay with a profusion of flowers. To an observer 
on one of the spurs on the eastern side of Muir inlet a spectacle 
of unparalleled grandeur is presented. To the west across 
Glacier bay rise two low ranges of mountains and beyond loom 
up the giants of the Fairweather range, beautiful white, snow- 
clad peaks. To the cast and northeast are the White mountains 
lying between Glacier bay and Lynn canal. To the north and 
northwest the whole of the vast amphitheatre occupied by Muir 
glacier lies before the eye, with its encircling mountains, and the 
larger number of the many valley glaciers that pour their ice into 
this amphitheatre. The great branches that come in from the north- 
west may l)c followed l>y the eye for great distances. As the ice 
in the amphitheatre advances toward Muir inlet it becomes con- 
fined within narrow limits. The amphitheatre has a breadth of 
from twelve to fifteen miles or more. In order to reach the inlet 
the ice occupying it is forced through a mountain gap less than 
three miles wide. At the present time the ice front Vtarely reaches 
the narrowest portion of this gap. The waters of Muir inlet do 
not wash the bases of the mountains. A deposit of sand and 
gravel with a width of from one-half to three-fourths of a mile 
lies between the two on each side of the inlet. As a result only 
the central portion of the glacier terminates in the water. This 
central portion is tremendously crevassed and broken. On each 
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side the glacier eods upon tlieae soft deposits, dimiaiabing in 
thickness to an edge. These side portions of the glacier, espec- 
ially the eastern side, nre as notably smooth as the central portion 
is broken. Near the front of the glacier three low mountains 
protrude from the ice which entirely surrounds them. On these 
were Dr. Reid's stations 0, H and 1. The western one, G, is 
much the largest and highest, and forms a conspicuous feature in 
the landscape seen in looking toward the ice from the bay. 

TBIBirTABlES OF MUIR GLACIER. 

The greater portion of the ice which reaches the front of Muir 
glacier at the present day is 8U[)plied by the two great ice-streams 
which enter the basin from the northwest,* Muir glacier proper 
and the northwestern branch. The former is the larger, has a 
length of certainly thirty-five miles and probably more, and is 
deeply and abundantly crevassed for a great distance back from 
the ice front. The central and larger portion of the ice front 
derives its ice from this source. The northwestern branch is only 
second insize to this one. Its length is not so great nor its crevasses 
so numerous and profound. Its ice reaches Muir inlet to the west 
of the ice from Muir glacier proper. The next most considerable 
tributaries are the two northern branches. These have great 
length but will not compare in size with the last two. Thej' fur- 
nish the ice which breaks away into the water at the eastern cor- 
ner of the inlet. The Western branch is quite completely sepa- 
rated from the rest of the glaciers by the numerous low mountains 
that protrude from the ice. Its interesting features are its nu- 
merous connections with its Northwestern branch through the 
mountain gaps, and its source on a saddle from which ice flows in 
both directions, a feature shared by other glaciers in the basin. 
The ice from this branch does not enter the water, but dies out on 
the gravel deposit which forms the western shore of Muir inlet. 

Ea»ttm hranchet. — That portion of the amphitheatre of Muir 
glacier lying east of a line drawn from Snow dome to the eastern 
comer of the inlet is occupied by a mass of ice nearly inert, and 
slowly rotting where it lies. Stakes placed across it about half a 
mile back from the front, at the end of three weeks showed either 
no motion at all, or else an extremely slight one. The surface of 
all this portion of the glacier is extremely smooth. Crevasses 

*8©e map. 
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occur, but in geaeral are mere cracks. None are found which are 
not readily to be stepped over. Everything points to rapid de- 
caiieiice. Fointa of interest increase as the various valleys 
tributary to this part of the glacier are examined. 

The Dirt Glacier. — The first valley opening into this part of the 
glacial amphitheatre as its edge is followed is occupied by a small 
glacier, to which the name Dirt glacier was applied, because the 
ice in the whole lower half of tiie valley is completely and heavily 
covered with debris from the rapidly disintegrating mountains at 
its sides. The upper half of the valley discloses an extremely 
pretty, small, white glacier with heavy lateral moraines which 
gradually increase in width with the result mentioned above. 
This glacier at the present time has not sufficient vitality to send 
itsice beyond its own valley. Its lower portion is without per- 
ceptible motion, and has melted away considerably from the 
mountain sides. 

The While glacier. — The next valley is occupied by a verj' 
beautiful little glacier of a dazzling white appearance, with two 
medial moraines which present a verj- striking appearance from a 
distance on account of their graceful curves. This glacier still 
possesses considerable vitality, sending its ice clear to the Dirt 
glacier valley. In entering the main basin its ice makes a sharp 
turn of 90°, causing ade[>re9sion of its surface at the concave 
side of the bend with a corresponding slight elevation at the 
convex side. 

The Southeattertt liraiich. — For our present purpose the point 
of interest of this next succeeding glacier is its present vitality. 
It really comprises two glaciers, the flrat of which is somewhat 
the larger of the two. This sends its ice not quite to the White 
glacier valley, dj'ing out against the mountain side just liefore 
that valley is reached. Ice from the other branch extends but 
little further, pinching out between ice from Main valley and 
the White glacier, opposite the entrance to White glacier valley. 
Main, vallei). — The greater portion of the ice occupying the 
eastern part of Muir glacier amphitheatre has emerged from the 
large valley called Main valley. At present many curious features 
are exibited here. No ice is visible in the upper portion of this 
valley or in the valleys tribntarj- to it. The comparatively 
narrow ridge back of Tree mountain which separates Main 
valley from the snow fields of the Southeastern branch is deeply 
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snow-coveretl on the one side, and perfectly bare on the other. 
Some csnee not evident haa locally produced a greater and more 
rapid dieappeftrance of snow and ice from the vicinity of Main 
valley than has elseif here taken place. Snow fields occar on Mt. 
Young, the highest and most imposing mountain In the vicinity. 
Bnt these form very small glaciers and the valleys enclosing Mt. 
Young are free from ice. The ice occupying the upper part of 
Main valley terminaI«B abruptly at the edge of a long, narrow 
lake — Mdu lake — whose long axis is at a high angle with the 
trend of the valley, and which occupies nearly its entire width. 
The eastern shore of the lake is made up of glacial debris modi- 
fied by water, and such deposits exist in considerable force in the 
tributary valleys beyond. Small bergs, evidently derived from 
the end of the glacier, Soat in the waters of the lake, and etrand 
on its shores. From its lower end a stream of water issues, 
Bowing away toward Lynn canal. The lake is held in place by 
the thickness of the soft deposits on its eastern shore. 

The moraines in Main valley run directly to the shores of Main 
lake, there ending abruptly. That the rock masses from which 
they derived their contents, lie to the east, is clear from the nature 
of the contents. Hence the ice must formerly have completely 
fllle<l Main valley and come from the tributary valleys to the east. 
At the present time the supply of ice in the valley is renewed 
from no source whatever, except for the snow which falls upon 
its surface in winter. The highest part of the surface of the ice 
at present is some distance west of the lake. Somewhere beneath 
this ice, lies the divide for this valley between Glacier bay and 
Lynn canal. The stream flowing from Main lake flows into Lynn 
canal. It is possible that Main lake lies just on the Glacier Imy 
side of the divide. That l)eing the case, the draining of the lake 
would be indefinitely postponed. In the period of greater life of 
the glacier, the glacier occupying the stream valley, and the upper 
part of Main valley must have had a rising slope for its floor, and the 
reason for its movement in this direction furnishes an interesting 
problem to l>e solved. At the present time the whole mass of ice 
is practically inert, bat it seems inevitable that there must be a 
slow flow of the ice in Imth directious away from the highest point. 
This movement would add to the general lowering of the surface 
of the ice produced by melting. It must also tend to an attenua- 
tion of the moraines spread upon the surface. 
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Another testimony to the inert condition of the ice in Main 
valley and vicinity is the shrinkage of the ice away from the 
mountain slopes which border it. Thia shrinkage must be par- 
tially counteracted by the slow movement jnst spoken of, but it 
is verj' conspicuous. The ice is rarely in contact with the mount- 
ains, but has withdrawn a few feet, leaving gaps into which an 
astonishing amount of debris has been tumbled. 

Berglake. — Two small valleys open into Main valley from the 
northeast The most easterly of these is occupied by Berg lake, 
presenting an excellent example of a valley lake whose waters 
hold their position in virtue of an ice barrier across the valle}' 
mouth. In this lake also float ice bei^ derived from the ice 
barrier which holds the lake in place. Two enonnous moraines 
extend from the mouth of this valley to the ice front Their 
great size compared to the size of the valley in which they must 
originally have been formed is a matter worthy of comment 
Here also the slow creep of the ice away from its highest point 
must be felt, and accounts for the occasional berg which the ice 
furnishes to the lake. What becomes of the surplus water of the 
lake is not known, but it seems probable that it must find its way 
into Main lake. A comparatively slight extension of the latter 
would cause the two to coalesce. The same cause that has re- 
moved the ice from the upper part of Main valley has removed it 
from Bei^ lake valley. Glaciers ordinarily retreat up their val- 
leys. Here the opposite course of proceednrc seems to liave 
obtained, and the glaciers have disappeared from the smalll val- 
leys while thick ice remains in the larger one into which theothers 
formerly poured their supply. 

The Girdled glacier. — The westerly of the two valleys spoken 
of is occupied by a verj' beautiful little white glacier, with a 
very steep slope. The clean character of its surface and the 
small amount of debris which it brings down, are as astonishing 
on the one hand, as are the great moraines which have come out 
of Bei^ lake valley on the other. This glacier received its name 
from Dr. Reid because of the curious disposition of the moraines 
around the end of its valley. A moraine curves gracefully 
around its front, from the end of the ridge on the west, to the 
end of the ridge on the east aide of its valley. Another moraine, 
parallel to this, emerges from Granite canon to the west, curves 
around outside of the first, and dies out ag^nst the moantain 
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side juBt to tha west of Bei^ lake valley. These moraiaea Iwth 
lie on the snrface of the ice lying ia the main valley. Ice from 
the Girdled glacier seems just to reach this, but does not pass 
into Main valley, nor can <it have done so for some little time. 

Grnniu canon. — The valley to which Mr. Muir applied this 
name is, barring Main valley, the largest one opening into the 
eastern part of the Muir glacier amphitheatre. It is & rather 
gloomy loolfing valley, bonlered by low mountains with some- 
what precipitous slopes. These are dotted with patches of anow 
lying in sheltered depressions, but at present give rise to no 
$:lBcierB. Hence the ice lying in Granite canon presents the same 
features as that in Main valley. The ice is inert. It has no 
feeders. It has disappeared from the npper portions of the val- 
ley while yet lying in considerable force in the lower portion. It 
diminishes in altitude towan^l the head of the canon, the highest 
point in the vicinity, lying nearly three miles south of the en- 
trance. About four miles up the canon the end of a lake is 
visible, lying in a side valley opening into the western side of the 
canon. Though only the end of the lake was visible the nature 
of the country surrounding it clearly indicates that the lake I>e.ar3 
the same relation to Granite canon that Beig lake does to Main val- 
ley, viz : that its waters are held in place by the ice barrier across the 
front of its valley. The same cause has been at work in lK>th 
places. That the ice formerly moved out of Granite canon, and 
did so for a vast length of time is indubitably shown by the 
material of which the great moraine that issues from it is 
composed. The great proportion of this material is dioritc which 
is only found in place in the mountains enclosing the up- 
per portions of the valleys that open into the glacier's amphi- 
theatre from the east and north. Ice certainly flowed 
out from Granite canon long enough to carrj- this moraine cle^r 
to the present front of Muir glacier and beyond. The outward 
flow of the ice from Main valley must have ceased before the 
stoppage of the flow from Granite canon. The moraine which 
emerges from Granite canon and passes around the fr<tnt of the 
Girdled glacier proves this. On the cessation of the flow from 
Main valley the ice must Lave receded somewhat from the moun- 
tain flanks. The eastern portion of the ice flowing out from 
Granite canon would then have encountered less resistance in this 
direction, and a portion of it would deflect fi-om the main mass 
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and follow tbis new direction. The short moraine which passes just 
across the front of the Girdled glacier inside of this one was 
formed at the same time, mainlj' from material from the rapidlj' 
disintegrating mountain ridge west of the mouth of the Girdletl 
glacier. That the outwanl flow of the Granite canon glacier did 
not continue loiig after the stoppage of the flow from Main valley. 
13 shown by the short distance trai-ersed by the moraine emerging 
from the canon and flowing in this direction. , 

If there is the present slow flow of the ice in Main valley al- 
ready spoken of, a flow in both directions from the highest point 
of the ice, there must be a corresponding slow flow of the ice back 
into Granite canon. Starting at the front of Muir glacier, and 
proceeding toward tlie canon, the surface of the ice is found to 
slowly increase in bight till, about ten miles from the front, an 
altitnde of alxjut 1,IW0 feet A. T. is reached. From this point 
further progress to the northwest is over a descending surface. 
This descent continues up Granite canon as far as the eye can see. 

Two small glaciers appear on the southern slope of the monn- 
tain mass lying between Granite canon and the First Northern 
branch. The most western of the two — marked Glacier 9 upon 
the map — merits brief attention. It has retreated some little 
distance up its valley, and its lower portion is covered from one 
side to the other with debris, after the manner of the Dirt glacier. 
Upon the ice of the main mass in the amphitheittre which lies 
across the opening of this glacier's valley, a moraiae appears 
curving across the opening from one side to the other, the coun- 
terpart of the one in front of the Girdled glacier. The motion 
appears to have been from the west, the material being supplied 
from the southern slope of Snow dome, the mountain to the 
west of this glacier, A recent flow of ice from the First North- 
em branch across the opening of this valley must have taken 
place, can^'ing with it the disintegrated material that fell from 
Snow dome upon the surface of the ice. 

RECENT RECESSION OF THE (ILACIER. 

The evidence that verj- recently Muir glacier has had a vastly 
greater extent is remarkably plain, and has been well summed up 
by Prof, Wright. The reason for its consideration here, is that 
further evidence has been procured. 

IHreet eridence. — Prof. Wrights measurements, and photo- 
graphs taken by Mr. Baldwin of his party furnish a means of 
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comparing the position and extent of the glacier in 1886 with its 
condition in 1890. Mr. Boldwin'a photographs of the ice front 
show tlifit in 1886 its position was at least half a mile further to 
the south than was the case in 1890. N'o direct measurements 
on the ground were possible, and the ice front was of such en- 
tirely different shape at the two periods, that, at best, only an 
average could have been ascertained. The amount of retreat has 
been greater in the central part of the glacier which terminates in 
the water, its ice breaking oft and floating away, than at the 
sides, which retreat only by slow melting where they lie. 
Wright's map and photographs show the seaward portion of the 
ice extending further to the south than the wings on land, the 
most southerly point of all being in the centre. In 1890, on the 
other hand the most southerly points of the ice front were the 
wings — see map — and the water front was deeply concave, the 
greatest recession, probably not far from a mile, being near 
the centre. The amount which the wings have retreated has lieen 
comparatively small. The testimony of the officers of the steam- 
ers which have been entering Glacier hay since 188S, is unani- 
mous that the iee has retreated considerably since that time, the 
estimates running from one to two miles. The testimony is, cred- 
ible as a new place for anchorage must be sought every year. 
Half a mile in four years is a tolerably rapid rate of recession, 
should it prove to be at all an average one. 

The hight of the central portion of the ice front above the 
water in 1890 was about 250 feet, the same that Prof. Wright 
records.* This, however, was the hight of his projecting point. 
To points on the front somewhat back of that, he gives a hight 
of 300 feet. Soundings as close to the ice front as practicable 
show about the same depth of water, somewhere in the neighbor- 
hood of 600 feet on an average. There has evidently l>een a con- 
siderable shrinkage in thickness in the four years inten'al. The 
ice front in 1890 was not far removed in position from the line along 
which Prof. Wright states it to have had a hight of 408feet in 1886. t 
Its greatest hight in 1890 was 250 feet. Wright's photographs 
indicate also a greater thickness of the ice in the Western branch, 
judging from the hight to which it rises on the mountain sides 
adjoining, as compared with that exhibited in the photographs of 
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the same taken by Dr. Reid and Mr. Morse. Ab a result of bis 
mensurements of the rate of motion of Mnir glacier 
near its front, Prof. Wright announces an average forward move- 
ment of the ice into the inlet of forty feet a day, with a masi- 
mnm of seventy feet.* His method was by eigbting on various 
pinnacles of the deeply crevossed portion of the ice, from day to 
(lay. Tinder Dr. Reids skillful guidance our party made several 
efforts to completely cross the ice front and plant flags to serve 
as accurate points on which to sight. The attempt to entirely 
cross was unsuccessful, proving a task of the most extreme difll- 
calty. if not impossible. By working out from each side toward 
the centre, however, the last flag on one side was planted so near 
to the last flag on the other, that the space between the two was 
less tlian the average interval left between the others. The 
most rapid motion found by Dr. Reid by triangulation upon these 
flags, was seven feet a day. Undoubtedly the ice was in more 
rapid motion at the time of Prof. Wright's visit, its greater 
thickness and the fact that it was further advanced into the com- 
paratively naiTOW valley in which Muir inlet lies would necessi- 
tate this. But the increased rapidity mu.st have been compan- 
tively smalt in amount. 

Frvtkiu-M ami rjrii-iU iif Klria. — The sides of the mountains 
iHirdering Muir inlet are polished and striated with the freshest 
possible marks up to bights of 2, flOO feet. The same is true of 
the sides and tops of the two low islands which project above the 
surface of Muir inlet. Naturally the striations decrease gradnaljy 
in numlier and strength as the altitude increases owing to the 
rapid disintegration of the rocks. Above 2,000 feet strife are 
occasionally found up to bights as great as 3,500 feet. Only 
occasional [waks have higbts over 3,000 feet, hence when 
glaciation was at its hight the whole region must have been 
covered with an icy mantle with only here and there a small steep 
crag projecting above the general level. In the upper portion of 
Glacier Imy the same freshness of the striie is ol)3ervable on the 
mountain sides and the islands in the bay. Going down the bay 
the same decrease in number and freshne-ss is observed that is 
found on increase of altitude. Vet the differences are not ns 
marked aa would Ite the case had the retreat of the ice been a slow 

*lce Age in North America, pp. iH — 51. 
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and prolonged matter. The evidence furnished bj the strie is of 
a recent and rather rapid retreat of the glacier from a condition 
of much greater extent. 

Condition <if the Etisteru portion of the glacier. — Taifl has 
already been treated in considerable detail. The evidence there 
presented of the great decadence of that portion of the glacier 
will readily be recalled. 

Lund tlip on the White glucier. — The extension of the Whit« 
glacier into the main amphitheatre is clearly marked by its very 
wbit« color and the heavy moraine at its outer side. It ends in 
front of the Dirt Glacier valley. About two miles alwve its end 
its entire breadth is covered for a short distance by a coating of 
loose debris, whioh increases in thickness and coarcsnees toward 
the mountain side, upon which masses of the same material lie. 
Some sudden flood or avalanche has hurled this mass of material 
down the mountain side, and scatteretl it broadcast over the sur- 
face of the ice. The present surface of the ice covered by this 
material now stands well above the level of the ice not so pro- 
tected, and presents the characteristic surface of ice bo covered ; 
great differences of level appear according to the thickness of the 
covering, with the prevalent tendency toward the production of 
sharp ridges and cones. To produce the existing difference of level 
and character of surface exhibited, a length of time would be neo- 
essary which must at least be measured in months. Yet the material 
lying on the glacier is directly continuous with that on the mount- 
ain side, so that little movement can have taken place since the 
slide occurred. 

. THE DYISO GLACIER. 

The Dj'ing glacier lies in a valley from half a mile to a mile 
wide, which extends from the western shore of Muir inlet through 
the mountains toGlacier bay. The glacier is a mass of ice nearly 
three miles long, of unknown thickness, occupying the middle 
third of tlie valley. From its eastern end a stream flows into 
Muir inlet, three and one-half miles distant, through the soft de- 
posits occupying this portion of the valley. The western end of 
the glacier lies very close to tide water from Glacier bay which ex- 
tends up the valley for two miles and a half. The highest point 
of the ice, about 800 feet A. T. , is near the centre. From this 
point the surface slopes evenly in Ixith directions. Two small 
glaciers, the one north of Pyramid peak, and one from the south 
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were formerly tributary to this glacier, but it haa been Boiue 
time since either has supplied any ice to it. Its moraines lie in 
perfectly straight lines from one end of the ice to the other, neces- 
sarily being the remnants of the old medlals that lay on its sur- 
face during a time of greater extent. No moraines appeared 
traceable to the two glaciers coming in from the sides. There 
are several of these medial moraines lying on this glacier, indi- 
cating its formation from a considerable number of small ice 
streams. They present one very peculiar feature, that of disap- 
pearing for a certain intenal. On following one of them it would 
suddenly be cut off sharply, be absent for a certain distance, and 
then reappear at the surface with equally startliug sudden- 
ness. This has taken place once on every moraine. Sometimes 
two or three moraines exhibit this phenomenon at about the same 
point, but more often the points of disappearance and reappearance 
on the various moraines seem independent of one another. Close 
examination revealetl the missing portions of the moraines lying 
beneath the surface of the ice, their present position being dis- 
closed by means of the narrow crevasses. Thej' were sometimes 
covered by a thickness of ice of at least six feet. They keep 
their direction perfectly when beneath the surface. The effect 
produced is as if a long shallow block of ice bad been lifted up, 
its load of debris deposited in the depression produced, and then 
the block replaced upon it. No explanation of this occurred to 
me, and I present it as a curious fact not observed before so far 
as I know. 

The situation and <iirection of the moraines on this glacier in- 
dicate a former flow of the ice from one end of the valley to the 
other. There are, however, certain difBculties in the way of this 
view. The material composing the moraines is here of little as- 
sistance in determining the question. The mountains adjoining 
this valley and the neighboring shores of the bay and inlet are all 
of the same material, and of this the moraines are made up. 
Occasional large pieces of coarsely cr3'stalline white calcite oc- 
cur on the moraines. These are supplied from the deposits of 
ealcite found in fissures in the vicinity. I know of none of 
sufficient size to hitve furnisheil these pieces in the mountains ad- 
joining the eastern portion of the valley, and do know of 
several to the west. This denotes a probability of a former 
easterly movement of the glacier in this valley. There are many 
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poiots of interest in this valley, requiring a careful examination 
for their elocidatioo. 

GLACIAL DEPOSITS. 

Description. — On each side of Muir inlet a deposit of sand and 
gravel of varying width lies between the water and the mountains 
— see map. The deposit on the western side is more extensive. 
It has a width varying from half a mile to a mile, which is great- 
est opposite Dying glacier valley and diminishes rapidly to the 
south, having a length of about five miles. That on the eastern 
side has a width of about half a mile for the first mile of its 
length and then diminishes to a point, dyiug out about three 
miles south of the ice front. For a considerable part of their ex- 
tent these deposits rise quite abruptly from near the water's edge in 
steep cliffs with an average faight of one hundre<1 feet. The 
faces have been chiseled by the rains into very picturesque shapes. 
They have a talus slope at their base, and are separated from the 
water by a narrow sand beach. A channel lias been cut in each 
of these deposits hy the suh-glacial streams that issue, one from 
each end of the ice front. The sides of these channels are marked 
by rough terraces marking occasional local flood plains formed 
by the streams as they rapidly cut ont their channels. These 
terraces rise rapidly in the direction of the ice and then die out, 
an effect produced by the retreat of the ice and the consequent 
shifting of the source of the stream. These deiMsits possess 
firmness to a surprising degree, it being in placex extremely 
difiScult to make any impression on them with the foot. But 
their lack of consolidation ren<lers them, especially when water- 
soaked, an easy prey to riiuning water. They were de[>usited by 
swift currents. The material is all coarse, alternating Ijeds of 
gravel and sand, the gravel largely predominating, and with little 
or no admixture of clay. Rapid ulteniatioii^ of horizontal and 
cross bedding characterize them. A considerable uuml>er of the 
pebbles in tlie gravel are derived from the eruptive nwks far to 
the north. They have their edges roun(le<l but are much more 
angular than are stones which have suffered attrition in water for 
any considerable length of time. They have rather the aspect of 
somewhat water-worn glacial pebbles. 

The altitude reached by these deposits increases ^ the mount- 
ain sides are approachetl, they having there an elevation of 4U0 
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feet. In a steep gully on the side of Mt. Wright they reach a 
hight of 600 ft. 

Tkne depotiu ovirun by the gladir. — These deposits below the 
front of the glacier are overlaid by a stratum of varying thick- 
ness of true morainic material, rough boulders of varj'ing sizes, 
few of which show any evidence of attrition, lying on or embedded 
in a layer of sand and clay. The surface presents numerous " kettle- 
holes" and kames, its wholeconfigurationbeingevidently due to a re- 
treating ice sheet. On each side of the inlet the glacier overruns 
these deposits. (Plate III.) This is best shown on the eastern 
side, where by passing down the beach to the ice front, a beauti- 
ful longitudinal section of the ice lying above the gravels can be 
seen. The length of this section is a quarter of a mile. At its 
upper end this ice has a thickness ot one hundred feet at least, 
thence diminishing gradually to an edge. This section is made 
possible because the wings of the glacier on land, reach further 
to the south than the seaward portion. On reaching the main 
front the gravels are seen to pass under the ice, so that their 
extent in this direction cannot be told. There is something more 
here than the snout of an advancing glacier riding up over its 
moraine. This glacier is retreating, ami all the evidence shows 
that it has been doing so for a considerable length of time. That 
tiiese Ireds were deposited before the advance of the glacier, from . 
which it is now retreatirfg, took place, is proved by the buried 
trees shortly to lie described. That the present retreat has been 
long continued, is shown by the condition of the eastern portion 
of the glacier. A glacier of great thickness has advanced over 
these gravels, and done so for a considerable time. Much of 
their original mass has doubtless been removed. But the verj' 
considerable remnant is full of significance. The influence of 
the ice upon it must have been more protective than anything 
else. At the present time every one of the frequent rains washes 
down portions of this deposit into the inlet and the rapid, ever 
shifting sub-g!acial streams are constantly undermining its cliffs. 
so that its mass is being diminished with comparative rapidity. 

Origin 11/ Oii-'i- ilfjimilg. — These <Ieposits have for their floor an 
old land surface, with tree stumps still standing in the soil in 
which they grew, and of which Prof. Wright has written*. Such 
stumps in situ are exposed on Ixith sides of the inlet, where the 

*Ice Age in North America, pp. 57-61. 
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gravels have been cut away. Tboee found on the eastern side are 
along the beach, and are now only exposed at low tide, some l>e- 
ing }uat at low tide level. This floor was a sloping one, rising 
gently toward the mountains. The deposits on it were laid down 
by swift currents, and their material had not sutTored attrition 
for any great length of time. Yet it is all considerably rounded 
and must hare Iteen transported some little distance. At least 
some of it came from the north. From this it follows that these 
layers of sand and gravel were deposite<l from the swiftly flowing 
streams that emerged from the front of the glacier as it advanced 
toward this spot, aided no doubt, by streams down the mountain 
sides adjacent, and on the western side from the Dying glacier 
valley. Subse4|uently the advancing glacier overran them. 

Changm nf hvrl in thi' rrgioN. — Frof. Wright explains the 
thickness of the Ban<l and gravel deposit on the western side of 
the inlet by the supposition that the Dying glacier would, in its 
advance, protrude from the end of its valley before the advanc- 
ing Muir glacier reached tliat spot, and from a kind of dam, or 
breakwater, against which these deposits would be built*. This 
is a pure supposition, there l)eing no evidence that such protru- 
sion would occur first. Nevertheless it might be admitted were 
it not for the fact that it does not aid in explaining the hight of 
the gravels on the western side south of Dying glacier valley, nor 
does it help ns at all in accounting for the even greater altitude 
reached on the eastern aide of the inlet. 1 find myself totally 
unable to account for the accumulation of deposits of such a 
character and in such a location to hights of BOO and 400 feet 
above the surface of the inlet, with the relative levels of sea and 
land remaining as at present. Should the ice Ik now removed 
from the amphitheatre a considerable part of it at least would be 
covered by aoa water, with low sloping shores between the water 
and the mountains. As the amphitheatre became filled with ice, 
on the advance of the glacier, it is impossible to conceive of the 
building up of deposits by the streams of the vicinity to any 
considera)>le bight above tide water. The material would have 
been washed into deep water. But such a deposit could easily 
have been built up on a slowly suljsiding shore. In order to es- 
tablish such an hypothesis it is necessarj- to produce evidence of 
a downward movement of at least from :iOI) to 300 feet, followed 

*Ice Age [q North America, pp. 60. 
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by an elevation of practically equal amount. Evidence of a cer- 
tain amount of anbsidencc, and its approximate dat« is furaished 
by the tree stumps in situ, already mentioned as occurring on the 
eastern shore of the inlet at low water mark. As the average 
tides here have a hight of 20 ft., here is clear proof of a sub- 
sidence of at least that amount, and which could not have token 
place before the deposition of the gravels. I am however unable 
to produce further evidence of oscillations of level which have 
occurred since the deposit wss formed, and merely present the 
idea as provisional, and as the only way occurring to me of ac- 
connting for the hight above sea level reached by these gravels. 
The subsidence indicated by the tree stumps certainly took place 
during or since the deposition of the gravel deposit, and is shown 
by evidence shortly to be presented to Ire verj' recent. 

THE OI,l> FOREST. 

For the most part the mountains of southern Alaska are thickly 
covered with coniferous trees. The mountains in the vicinity of 
(ilacier liay form a striking exception to this general rule, the 
shores of the upper part of the bay and the mountains to the north 
and east as far as the eye can see Iteing without trees. Across the 
divide to the east, the mountains adjoining Lynn canal are forest 
covered. Passing dowi> Glacier bay, trees begin to appear on the 
summits of the mountains on the east side about ten mites distant 
from the front of Muir glacier. Continuing to the south they he- 
come more numerous and extend further down the mountain 
slopes. The Beardslee islands, and old terminal moraine of the 
Glacier baj' glaciers, near the mouth of the baj', are thickly cov- 
ered with trees. Tliat the region now bare had its own forests at 
no distant date is clear. Mingled with the detritus on the sides 
of the mountains around Muir glacier fragments of old wood arc 
so plentiful that our party never made a camp anywhere without 
finding plenty of it for fuel within a vorj- short distance. The 
gravel deposits a<ljoiuing Muir inlet are full of it, logs twenty or 
thirty feet long lieing not uncommon. Besides these loose pieces 
are the stumps in sifii in the old soil upon which the gravel de- 
posits were laid down.* Fragments also occur plentifully on the 
islands in the bay. All this wood is surprisingly fresh, so that 
when dry it makes excellent fuel. Sections of it wei-e examined 

•See ante. p. 3.5. 
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microscopically t^ Dr. F. H. Herrick of Adelbert College and 
compared with sections of the more common spruce now growing 
on the Alaskan mounbuns, and he prononncee them almost cer- 
tainly identical. 

Deilriwtian of the Forriii. — The trees were removed from this 
region by a recent advance and increase in size of the various 
glaciers in the vicinity. Those on the low gronods were partially 
preserved in position by the thicknessof soft deposits laid down over 
them. The old trees appearing on the tops of the mountain ridges 
ten miles down the bay, mark the point l>eyond which the ice 
ceased to cover the tops of these ridges at its period of greatest 
extent, or at least the point where permanent snow fields ceased, if 
the main ice stream did not reach this hight. 

The liPoriHff nf thin foftt nii ihi- history of Mtiir ghickr. — ^uth- 
em Alaska has all been glaciated. Since the retreat of the gla- 
ciers from most of the valleys their slopes have become densely 
clothed with timber. The evidence Just presented seems to neces- 
sitate the conclusion that >Iuir glacier retreated much beyond its 
present position, and remained in that dwarfed condition at least 
sufBcientlj' long to permit the growth of a multitude of great trees 
npon the mountains around (ilacier bay and Muir glacier amphi- 
theatre. Then the glacier advanced and destroyed these trees. In 
this advance it extended down the bay nearly to the Beardslee is- 
lands, and in Mine inlet ha<l a thickness at least 'i, UIIO feet greater 
than at present. From this last advance it is now rapidly retreat- 
ing. The fresh condition of the old wood, its abundance on the 
mountains in protected sjwts, and the distribution of living trees 
in the lower (! lacier bay region, all combine to render it impossi- 
ble to adopt Prof. Wright's suggestion that this old forest was 
pre-glacial, in the sense in .which he uses it.* It is rather inter- 
glacial, and comparatively recent. Muir glacier has not steadily 
retreated since the great Conlilleran glacier began to vanish, but 
is now retreating from a comparatively slight advance which fol 
lowe<l upon the heels of a great and somewhat prolonged reces- 
sion. Already young spruces are beginning to shoot up here and 
there upon the timberless mountains, and it cannot l>e a matter 
of many centuries before they will again resume the characteristic 
Alaskan forest covering. Further evidence of the truth of this 
view is furniahe^l by a little conil, one of several found attached 
*Ice Age in Nnrth America, 
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to the quartz outcrop of the Treadweli mine, and coTered by a 
thin layer of sand aad clay. Thie was brought to my notice by 
Mr. J. McDonald Calderwood, eupermtendent of the Treadweli 
mine, on Douglass island, opposite Juneau. The corals were found 
about 200' above tide. Dr. \\. H. Dall identifies it as a Paracy- 
athas, agreeiug well with the unflgured F. theuruni Verrill, from 
Monterey. He thiuks it improbable that it can exist in the cold 
Alaskan waters at the present day, though little is known of its 
distribution, and regards the specimen as probably Pleistocene, 
The coral became attached to the rocks when the r^iou was de- 
pressed at least 200 feet below its present level, and during an ap- 
parently somewhat warmer period which followed on the heels of 
the great glaciation of the region. This agrees well with the evi- 
dence furnished by the forest, which also shows at least a small 
amount of oscillation accompanying the recent small glacial ad- 
vance. 

triSINTEORATtOX OF THE BOCKB AKOITND MUIK ULACfEB. 

Ju nmvviii. — The rapidity with which the rocks of this vicinity 
disintegrate is very great. This however is much more true of 
the slate mountains than of those of limestone or diorite. The 
fissured condition of the rocks is a powerful aid to the ordinary 
disintegrating agencies which operate in high latitudes and on 
high mountains. The piles of debris that have accumuhited 
siDce the retreat of the glacier are astonishing, considering the 
shortness of the time that has elapsed. Such masses are already 
beginning to accumulate, on the surface of the gravels, at the 
bases of the steep mountain slopes adjoining Muir inlet, although 
the ice can have retreated from them but a comparatively few 
years f^o. Passing down the bay they increase much in size, and 
connect with debris streams lying iii the gullies. In the Dirt 
glacier valley the great rapidity of this disintegration is best 
shown. The practically motionless ice occupying this end of the 
valley is covered for its full half mile of width with from two to 
four feet of slaty debris, which increases to a very considerable 
thickness near the sides of the valley. The larger part of this 
debris has fallen from the mountain sides, and in a not very great 
space of time. Such det)ris is also found to great extent around 
Pyramid peak. * 
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Dfhrii »» glacier-iwept mouNlaint. — In general the mountain 
slopes over which the ice has moved are swept pretty bare of loose 
material. On the other hand such material is always present to a 
certain extent. It is lately transported material, left there by 
the melting ice. t^ometimee, as on H, where there is mach loose 
material, it is clearly native and has not been removed. The 
mountain slopes all around the eastern portion of the amphitheatre 
are covered with a great amount of such material, extending for a 
considerable distance below the surface of the ice. Some of this 
is foreign material left on the sloftes of the mountains 
ns the ice decreased in hight, but a considerable propor- 
tion has disintegrates) since the ice covering has been re- 
moved, and is yearly moving down the mountain sides 
aided by avalanches and spring floods, completely filling 
the gap slowly forming between the mountains and the ice. This 
also indicates the inertness of the ice of that portion of the ghicier, 
the melting being more rapid than its slow flow away from its 
highest point. Even in more rapidly moving portions of the 
glacier this same phenomenon is manifested, as along the sides of 
nunatak H, and in the upper portion of the Dirt glacier valley. 

Sizi- of nuiraiiief oil Miiir fflaciri: — This great rapidity of dis- 
integration, and its excessive rapidity in the case of the slates is 
further indicated by the great size of the moraines on Muir 
glacier, especially those on the eastern portion. These lie like 
great embankments on the surface of the ice, are often of very 
coiisitlerable width, and contain an enormous amount of material 
most of which was supplied l)y the disintegrating mountain peaks 
along the sides of the old valley glaciers which supplied the ice 
now lying here. The whole surface of this portion of the glacier 
is thinly covcrc<l with fine dirt and sand, partially supplie<l by 
winds lint largely embedded in the ice. The large amountof dis- 
integrate<l material that must have existed in this basin and which 
the glacier has removed, together with that constantly supplied 
during its existence would seem ample to account for the material 
that the glacier has brought, and is now bringing, ilown to Glacier 
bay, judging by the present rate of disintegration. The smaller 
' size of the moraines on the central and western portions of the 
glacier is readily accounted for. The braneliea from the westand 
northwest are adjoined by quartz-dioritc mountains which dis- 
integrate much less rapidly than the slatt'M. being fissured less 
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ahun<lantly and more unequally. In the central part of the glacier 
moHt of the morainic material disappears down the crevaaxes. The 
efTeet of the transition from smooth to rough ice od the appe.ar- 
ance of the moraines ie well shown on those which comedown just 
to the west of H. After a crevasse is formed the sun melts back 
its north wall i-api(ily, quickly converting a broad ridge of ice into 
a ver>' sharp one, changing the appearance of the ridges quickly, 
and causing most of the moraine load to be dropped. * 

Siir/tiCK Feii(arr» prmhiced hy Mitir Gliicirr. Siir/iice produced 
on lidgrt 'It right itnght to the mwnieiit. — On all the mountfun 
slopes which Muir glacier has overrun, a tendency toward the 
production of a surface consisting of small, shallow valleys sep- 
arated by low ridges is seen, Iwith trending in the direction in 
which the ice has moved. This configuration of surface is most 
marked on narrow ridges whose long axes make an angle approach- 
ing 30° with the direction of ice movement. Nunatak G, the 
ridge between the Western branch and the Dying glacier valley, 
and in a less degree the northerly spurs of Mt. Wright, present 
excellent exnmplest. The production of such surfaces in this 
region depends on the presence and distribution of the fissure 
planes. Weathering takes place along these planes to varying 
depths, resulting in the loosening of Y shaped blocks of varying 
sizes. Aft«r such decay has been in progress for a considerable 
length of time, a glacier riding over the ridge and removing 
loosened material will tend to leave a surface composed of ridge- 
like projections with shallow depressions between. This will be 
the more marked the more nearly the trend of the fissures coin- 
cides with the direction of the ice. 8uch a surface could scarcely 
be produced if the angle between these two was a considerable 
one. Even without the presence of the Assure planes it is con- 
ceivable that there wontd he a tendency toward the production of 
such surfaces in regions where rock decay had taken place to 
varying depths. But no such cause canl)c assigned here because 
the rapidity of disintegration prevents decay in place. 

L'ikfg. —On the tops of all the low mountains bordering Muir 

* Id reapect to the aize of tta moraines Muir glacier seeme to b« an 

exception to the generality of Alaskan glaciers tliat I have myself seen 

or have seen deacrlhed. Compare 1, C. RubhbII, Bull L'. 8. Oeol. Sur. 

Vol. I, p. 151. 

f Just such surfaces are figured by John Muir In his paper in the re- 
port of the cruise of the Corwin In the Arctic ocean — 1885 — on the 
glaclation of the region. 
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glacier over which the ice has swept, dimiDutive lakes occur. 
Two are found on ntinatak H, five or six on G, several on the 
spurs of Sit. Wright, others on the ridges on the western side of 
the inlet, occasionally oneon the islands in the \>ay. They ocenpy 
small depressions or basins on the tops of these ridges. 
Through a large part of the year these arc filled with snow, bnt 
in all those ol)served this snow entirely <lisappears during sum- 
mer. i:3ome of these small basins are drj' for a part of the sum- 
mer, but in the case of most of them, either snow or water is 
found throughout the year. They depend solely on the precipita- 
tion for their water supply, an<t the loss is by evaporation mainly. 

They are all verj' small, only a few yards in diameter and with 
no great depth. Some of them clearly occupy rock basins, rock 
in place being readily traced all round them, the proof that ice has 
filled the basin being furnished by the striie which mn in at one 
end and out at the other. Otlier lakes have a portion of their 
shores formed of glacial debris. The conclusion cannot be avoided 
that these hollows were the work of ice. In most cases the method 
of their formation seems clear. They mainly lie in the small val- 
leys on the mountain ridges, whose origin has l)een referred to,* 
occupying the most depressed parts of those valleys. The ice mov- 
ing down this slope must have impinged with great force at the 
bottom, tending to the production of a hollow, especially if aided 
by a somewhat greater amount of loosening of the blocks than 
usual. The sides of these valleys are not planed smooth by the 
ice, but present surfa;ces of considerable roughness. 

The rough edges have uniformly been somewhat smoothed, but 
the character of the surfaces seems to me to clearly show that the 
valleys and the basins have l>e«n formed by the removal of 
loosened blocks, leaving a rough jagged surface whose edges have 
been smoothed and polished. 

The ithindt in Olacitr l)iii/.—-^\eTa\ low islands project from 
the waters of Glacier bay, two of them occuring in Muir inlet. 
Upon them all, the two in Muir inlet especially, the ice must have 
exerted great force, for they lie directly in its path at a time when 
it was hemmeil iu between high rocky walls. Moreover the ice, 
in Muir inlet at least, ha<l just passed from a wide amphitheatre 
into a narrow valley, in which last it must have moved with con- 
siderably accelerated velocity. As a natural result the rocky 

•See ante. 
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walls of tbb gap and the low crags occurring in it as islands are 
emootbed, polished and striated in a high degree. On the islands 
especially, beautiful examples of striae occur, following every lit- 
tle irregularity which the sides present. Strise ascend and de- 
scend, both straight and obliquely; curve in various ways and in 
various planes; occur on the lower side of overhanging surfaces; 
not uncommonly produce beveled edges. The ice evidently fitted 
itself to them like a glove. This local character of the strife on 
the mountains, in or adjoining the path of the ice is a noteworthy 
feature throughout this region, and vcr}' important in its bearing 
on the nature of the movement of glacial ice, close to the bottom 
and sidesof its valley, showing a great complexity of movements de- 
pending on the configuration of the surface. Often the most in- 
significant obstacles sniflce to cause a change in the direction of 
the strife. The finest example of striation in the region is fur- 
nished by the small limestone island in Glacier bay on which fos- 
sils were found. The whole island is covered from end to end 
with the freshest and prettiest striie one could wish to see, and 
examples are furnished of nearly all the variations that strise can 
exhibit. 

The gravels aloug ^ujV lyi/c/,— These gravels have been described 
in a previous part of this paper, with mention of the fact that the 
ice overruns tbem, and of the evidence that it formerly did so in 
great mass and for a considerable lapse of time. 

These dcposita are essentially' unprotecteil and lie in the nar- 
rowest part of the narrow gap in which the ice must have exerted 
its greatest force. Yet in the last advance of the glacier over this 
spot a considerable thickness of these unconsolidated deposits 
was not removed, t 

Old nurfnf fnalurm nut Miimiltd. — On the m<iuntains in Muir 
glacier basin from which the ice has recently retreated, surface 
features are <X!casionally observable which seem incompatible with 
the theory that glaciers vigorously erode hard rock. For example 
on the east aide of H, along and over which ice of grejtt thickness 
must have moved, a gidly exists ninning down the side directly at 
right angles to the direction in which the glacier is moving. This 
gully has no great width nor depth. It is inconceivable that ice 
moving along the sides of such a mountain should cut out a 
gully of the kind running down the mountain directly at right 
t See G. F. Wright. Ice age in North America, p. 2(Kt. 
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angles to the movement of the ice. On the contrary had the 
ghicier been vigorously eroding the monntain side its tendency 
would have been to oblit«rate the gully by grinding down the 
aides to an equality with It. That the gully was filled with ice 
moving along it and at right angles to the motion of the main 
mass is shown by the perfectly preserved striie in the gully having 
that direction, while the stnsf on the mountain sides close nt hand 
have the direction of the main movement. Granting the erosive 
power of glacial ice, the slow moving tongue of ice in the gully 
could have had little erosive power compared with the great mass 
sweeping over it along the side. Hence the erosion should have 
caused its disappearance. That the glacier has done little mure 
than to remove the loosened rock and polish the resulting sui-face 
is shown in a vast numl>er of localities here by the character of 
that surface. Where the ice has been force<l through a narrow 
gap the sides of that gap are planed to a pretty smooth surface. 
Where it has run against an obstruction in its path it lias 
pretty thoronghly polished the ntnti side. Otherwise the surface 
presented is a somewhat jagged one with the rough edges [k>I- 
ished but not much planed down, showing that after the loose, 
fissured material was removed, leaving a somewhat pitted surface, 
the ice was even unable to obliterate the traces of the cavities 
from which the last blocks were removed. This naturally is more 
especially true of the harder eruptivea than of the softer rocks, 
and such surfaces are well shown on U and II. 

Seelimfnl brought down by *tream*. — Kstimates of the amount 
of material brought down by the glacier are difficult to obtain 
owing to the fact that the material is all carried into the sea, that 
the number of sub-glacial streams is not known, and that there is 
no evidence that those which issue from the ice directly into the 
water carry as much sediment as those which issue from the cor- 
ners and flow through the gravels. T could find no evidence incon- 
sistent with the supposition that the debris falling on the surface 
of the ice yearly, together with the previously disintegrated 
material which the ice has removed and is removing is amply 
sufficient to account for all the detritus deposited at the front of 
the glacier. The amount of material in sight on the surface of 
the glacier is enormous. 

Rock basin*. The manner oC occurrence of the small rock 
bneins found in the district has already been given, bother with 
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the evidcQce that they have been scooped out by the ice. Even 
this however, at least in the case of all whichi saw, does aotseem 
to me to necessitate the theory of the great erosive power of ice. 
All these basins which I saw He in small valleys on the mountain 
tops whose presence seemed to depend on the Assure systems and 
on the varying depths to which loosening of blocks had taken 
place. They He at the foot of elopes down which the ice moved 
impinging with unusual force at its base, where the greatest 
amount of polishing and striating has taken place. 

Those who hold the power of glaciers to vigorously erode hard 
rock under most circumstances it seems to me take an indefensi- 
ble position. At Muir glacier, in just the position where the 
greatest erosion would naturally l>e expected, soft gravels have 
been undisturbed by the ice. The key setting forth when glaciers 
will erode and when not, is certainly lacking at present. 

It is very advisable that a prolonged and detailed study of Muir 
glacier should be undertaken. Tt is a comparatively large glacier 
rapidly dying out, and presents an admirable opportunity for 
studjnng the behavior of a lat^ glacier under such circumstances. 
Such work could not fail to prove of great value. 



PLEISTOCENE PAPERS AT THE WASHINGTON 
MEETINGS. 

The following brief notes of papers treating of the Pleistocene 
or Glacial period are arranged in the order of their presentation 
before the three successive scientific meetings in Washington, D. 
C, August ITth to September 1st, 1891. 

American Association for the Advancement of Science. 
Section E. Geology and Geography. 

Hource of iupply to lateral and medial morainei. By John 
T. Campbell. A short paper, describing moraines in Indiana. 

Potlglaciul finticlina! ridge.» nrar Siphy and ('aledonia, A'fir 
York. By G. K. Gilbert. In Ripley, the most western town- 
ship of New York bordering lake Erie, a clifT of Devonian shale 
forming the lake shore displays a small anticlinal disturbance of 
the beds, which at the surface are raised in a ridge six or eight 
feet high. This disturlmnce extends down in gradually diminish- 
ing amount through the 40 feet to the lake level, but apparently 
not much lower. Like other small ridges of Devonian shale in 
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northwestern Ohio, and of Trenton limestone in northern New 
York, they are shown to have been formed after the departnre of 
the taat ice-sheet, and are attributed to the postglacial rise of 
temperature and consequent expansion of the rocks. 

Another locality of somewhat similar phenomena is at Lime 
Book, close west of Caledonia and near the east line of LeRoy, 
Genqsee county, N. Y. A great number of small anticlinal ridges 
there seen are postglacial, but they differ iu type and probably in 
origin from the foregoing. They are mainly parallel with each 
Other and with the strike of the strata, and the anticlinals are 
usDally unsymmetric and much fractured. The surface rock is 
Comiferous limestone, underlain by Sslina shales, in which a few 
miles northward the drill has discovered a lied of salt. Strongly 
saline springs show ttut here salt and gypsum are being removed 
from the shales somewhat rapidly by undei^round drainage, and 
Mr. Gilbert concludes that the overlying limestone sinks in large 
masses, and that the ridges are the superficial phenomena of the 
partings of these blocks. 

In the discussion of this paper. Prof. E. W. Claypole spoke 
of the irregular sinking of the surface in the salt mining district 
of Cheshire, England, whereby buildings and chimneys are 
(^used to lean and fall if not rebuilt. 

Procegif) of jiioHntitin-huilding and their relatiomklp to the 
earth's contraction. By Wakhkn Upham. The concluding part 
of this paper pointed out the evidences of unusual activity of 
the forces which produce folding of mountain ranges, eruption 
of lavas, and epirogenic uplifts and subsidences, during the 
Pleistocene period, in comparison with previous geologic time 
since the end of the PaUeozoic era. To this Pleistocene or Glacial 
period belong much plication and uplifting of the Coast range, of 
the St. Ellas range, of the Sierra Nevada, Wahsatoh, and othet- 
Basin ranges, and much of the grand outpouring of lavas from 
Lassen Peak and Mt. Shasta northward along the Cascade range 
and eastward to the Yellowstone National Park. 

In the ensuing discussion, Prof. Joseph LeConte referred to 
the proofs of great Pleistocene uplifts of North America, shown 
by river channels submerged by the sea to depths of 2,000 to 
3.000 feet on both the Atlantic and Pacific coasts. 

On the cranial eharactrrM of Equut exeel»u$ Leidy. By E. D. 
Cops. Exhibition of the skull of an extinct hoise from the 
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Equua beds of western Texas, with which stone implements are 
also fonnd, embedded in the same stratum. This skull was. 
broken in upon the forehead, as if by a rounded stone used as a 
weapon; and it was suggested that the prehistoric estinction of 
the genus Equus on this continent, as also of other large Pleis- 
tocene animals, may have resulted from their chase and slaughter 
for food by the contemprtmneous savage tribes of men. 

E.rhibition of crtaiii boves uf Megnlmi-iix not lie/ore hnoH-ii. 
By James M. S.^FFOBD. The bones were recently fonnd em- 
bedded in earth on the fioor of Big Bone cave, in eastern Tenne- 
see. They include the pelvis, and supplement the collection of 
>fegalonyx bones long ago found in the same cave and described 
by Leidy. It is therefore likely that the two collections represent 
the same Individual. The lateness of extinction of this animal 
is indicated by portions of the cartilage of the joints stilt adher- 
ing to the bones. 

Prof. K. D. Cope, in discussion, stated that Megalonyx appears 
to have been an exclusively North American genus. 

On the probable CTistence of a second drt/tlen area tii the Mii-- 
tippi basin. By R. D. Salisbury. This area lies in the space 
between the Mississippi and the Illinois river near the mouth of 
the latter stream, and is comprised in Calhoun county and th»- 
southern part of Pike county, Illinois. Its extent is perhaps 5I)U 
square miles. Hundreds of good sections oliserved on the high 
summit plain of this area and at heads of its ravines show no 
glacial drift or till. On its borders the drift is attenuated, like 
the tracts of the early drift sheet bordering the Wisconsin drift- 
less area. The topographic features of castellated rock cliffs and 
pinnacles are similar in both these areas. The surface of this. 
smaller driftless area is mostly loess, from 15 to 50 or 60 feet in 
thickness ; and this is often seen to rest conformably on a gravel 
and sand deposit, which may be the representative of the La- 
fayette formation or Orange Sands. 

The Cincinnati ice dam. By Frank Leverett. Examination 
of the Ohio vallej during this summer shows that fine silt over- 
lies the till along the valley both above and l)elow Cincinnati. 
This siit constitutes a continuous formation, and must l)e- 
ascribed to deposition during a time of verj- gentle drainage sub- 
sequent to the retreat of the ice-sheet from its extreme limit, 
which crosses the Ohio river into Kentucky as traced by Prof. G. 



I .y Google 



Jfeiiftocetw P<ijierK at t/ieWas/n'n^ton Meetbu/". 233 

F. Wright. Tbe ice dam which Wright and others supposed to 
have turned the Ohio temporarily out of its valley, so as to flow 
around the iee-front, pro<iucing a lake above Cincinnati, was not 
the cause of this silt deposit, nor of the conspicuous terraces of 
the Ohio, Monongahela, and Allegheny rivers, which are of 
fluvial origin, sloping in the same directions as the present 
streams. 

Prof, J. W. Spencf.r, in discussion, stated his belief that de- 
piTssion of the land to the sea level accounts for the silts of theee 
valleys and for the Pleistocene shore lines about the great lakes 
tributary to the St. Ijawrence. 

President T, C. CiiAXBERt.iN replied that in basins sloping 
northward the receding ice-sheet, pausing at many stages which 
are marked by moraines, was a barrier holding these lakes at the 
higher levels of their ancient beaches. 

T?ie attitudf of the firtlern and cmlnil portiont of the Vnitect 
Sliiten during l/ic Gl'iclal pei-iotl. By T. C, Chamberlin. The 
deposition of loess in the lower Mississippi valley was contem- 
poraneous with the maximum extension of the ice-sheet in this 
basin, during tbe earlier great epoch of glaciation. Tbe attitude 
of the land was then low, with verj' slack drainage, allowing this 
flne silt to be spread by broad river floods or in shallow lakes. 
A long inte^lacial epoch followed, in which tbe Mississippi basin 
was moderately uplifted, with increasing amount toward the north. 
Great erosion of tbe loess and of the underlying gravel and sand, 
formerly called Orange ^and but now named the Lafayette forma- 
tion, took place during this int«rglacial time. The waters flowing 
from the iee-sheet and terminal moraines of the later glaciation 
carried much gravel, sand, and fine silt into the channels of trib- 
utaries of the Mississippi, and along the broad, deeply eroded 
valley of this river, showing conditions of drainage similar to 
those of the present time. On the Atlantic coast marine clays 
overlying the till in southern Maine, along tbe St. Lawrence, and 
in the basin of lake Cbamplain, proved that during the maximum 
advance of the ice-sheet and its recession the land was depressed 
somewhat lower than now. President Chamberlin therefore con- 
cludes that tbe Ice age was not attended by any high elevation of 
these regions. [See tbis paper in tbe Nov. Ge<)Looi8t,] 

Mr. Wakben Upha», in discussion, noticed that this paper 
treated only of the closing part of the epochs of glaciation, when 
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the ice attained its farthest limits and especially when it was 
rapidly retreating. He thought that the view presented first by 
Dana, in his address as retiring president of this Association in 
1855, is more probable, namely, that a great elevation of the 
country, shown by fjords and deeply submerged valleys, at- 
tended and caused the ice accumulation; that the time of de- 
parture of the ice was one of depression, which we now recog- 
nize to be due to the vast pressure of the ice itself; and that 
there has been a partial re-elevation since the (rlacial period. 

Neocene and Pleisiocene continent moventeiilt. TV J McGee. 
Changes in the relative hights of land and sea on the coastal 
plain of the southern Atlantic states during the later part of the 
Tertiarj' era and in the Pleistocene period are shown by the Ches- 
apeake, Lafayette ( formerly called Appomattox), and Columbia 
formations. The Chesapeake formation, consisting of fine sands 
and clay, of Miocene age as known by its fossils, was deposited 
during a marine submergence of the coastal plain and edge of 
the hilly Piedmont belt. After an interial of moderate uplift 
and erosion, the next overlying Lafaj-ette formation, considered 
provisionally as Pliocene, was deposited, consisting of gravels, 
sands, and fine loams. These are referred to marine sedimenta- 
tion of the tribute brought by inflowing rivers from the adjacent 
Piedmont and Appalachian belts, the amount of submergence 
Iwlow the present sea level being several hundred feet. No fos- 
sils, however, are found in this formation. Directly following 
the time of the Lafayette deposition, a prolonged stage of high 
land elevation is shown by deep channelling of the Lafayette 
beds, and by great erosion of gorges in the hilly and mountainous 
belts on the west. The next epoch of deposition is the Colum- 
bia, correlated with the earlier glacial epoch, when gravels, sand, 
clay and loam, destitute of fossils and enclosing occasional ice- 
floated boulders, were deposited along the river valleys and over 
considerable areas of the coastal plain. This formation is re- 
garded as evidence of estuarine and marine suliraergenee, de- 
creasing from a depth of fully 400 feet in the latitude of Sew 
York to 150 feet at Washington and perJiaps 75 feet in the lati- 
tnde of Cape Hatteras, but thence increasing to about 700 feet 
on the Savannah, again diminishing to less than 50 feet at Mobile 
bay, and again increasing farther westward and northwestward. 
The Columbia deposition, like the Lafayette, whs imnie<Uately 
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followed by a stage of greater elevation than now, with active 
erosion. 

Prof. E. W. HiLOARD, in discusaioD, deacribed the cross-bed- 
ding or "flow and plunge structure" of the i^afayette fonnatioa 
along the Mississippi valley, attributing it to fluvial instead of 
marine deposition. The size of its pebbles on the tower Missis- 
sippi indicates for the river during the Lafayette epoch a gradient 
which wonid place the northern portion of its basin probably 
3, 000- feet higher than now. 

Prof. C. H. Hitchcock referred to the marine beds of Maine, 
the St. Lawrence, and lake Champlain, enclosing arctic species of 
shells, as proof of subsidence of that region while the climate of 
the Glacial period still lingered there. 

Mr. Upiiam regarded the Lafayette and Columbia foimations 
as fluvial deposits spread upon the coastal plain during epochs of 
plateau-like high altitude, aud correlated these formations re- 
spectively with the first and second great glacial epochs. Before 
each of these stages of continental elevation, the Piedmont and 
Appalachian regions had long lain at lower altitudes, and their 
surface was largely occupied by residual clays and by alluvial 
sand and gravel. With the elevation of the region, increased 
rainfall and snowfall and resulting river floods swept away these 
eaperflcial materials from the mountain valleys and spread them 
on the plain, where the streams expanded over broad areas with 
shallow and slackened currents. When soon the supply of ma- 
terial decreased, the streams cut deeply into this plain. The 
Indo-Gangetic plain, south of the Himalayas, was cited as an 
analogous fluvial formation of vast extent and rising from the 
sea level to an altitude of more than 900 feet. 

.1 ttudy of the/oMil <ni/auna ■>/ the Silcir Luke region, Ore- 
gon. By R. W. SnuFELDT. JIany bones of birds are found in 
the Equus beds of this district. About fifty species of birds are 
determined, of which fifteen or sixteen are extinct, the propor- 
tion being nearly the same as of the associated mammalia. 
Nearly all are water birds, but the prairie hen was also abundant. 
Among the extinct species are a flamingo, a heron, a raven, and 
a blackbird. 

The highest •Ad shore line on Mm-kinuc island. By F. B. TaY- 
LO&. Five well-marked beach ridges of gravel and sand are 
foDnd on this island, adjoining the strait between lakes Huron 
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and Michigan, at hights from 170 to 205 feet above the level of 
the lakes and strait. Proceeding thence about forty miles south- 
westward to Petoskej', the highest of these beaches gradually 
declines to alK>ut 100 feet, having a gradient of 2^ feet per mile; 
but beyond Petoskey it falls only six inches per mile. Higher 
shore lines are found on the mainland, but not on this island, 
which attains an altitude of about 300 feet. 

.Striv. uiid SlU-ken»ides at Alton, lUinoli. By J. E. ToDD. 
Descriptions of superficial strite, and of slickensided Tocke 
exposed by quarrying. The two were regarded by the speaker 
as of similar origin, and therefore not indicative of ice action; 
but Prof. Salisbury and Mr. Leverett, who had also seen these 
stria;, confidently regard them as glacial marks. They are situ- 
ated within the drift-bearing area, near its )x>undar}'. 

Gbolooical SociBTv op Amkrica, 

On lliK QuatPniiirij clinngrit of heel in Scandinavia, By 
Banin Gekabd 1>E Geer, ot Stockholm, Sweden. Fossiliferous 
marine beds and former shore lines, overlj-ing the till, occur in 
8weden and Norway, increasing iu higfat toward the interior of 
the country. The greatest elevation at which thej' have been 
found is 800 feet, and a continuation of their gradient to the 
axial area of the Scandinavian ice-sheet would imply a maximum 
depression of the land there to a depth of fully 1,000 feet. At 
the time of this occupancy of the lower portions of the countrj- 
by the sea, not more than one two-hundredth part of the ice re- 
mained still uumelted. In places shallow straits stretched across 
southern Sweden, but the enlargetl Baltic sea on the east side of 
this peninsula was only brackish, lacking much of the saltness of 
the ocean. After this submergence, the land was uplifted some- 
what higher than now, perhaps as much as 100 feet; and the cli- 
mate or at least the temperature of the sea was warmer than now, 
as is shown liy southern species of shells in the kjukken-mud- 
dings. Another depression of the land ensued during the early 
part of the Neolithic age, when there was a marine submergence 
to the extent of 100 feet at Stockholm and alytut 200 feet in some 
other parts of southeastern Sweden. The first and greater de- 
pression closely attended the latest glaciation, and in some places 
reached its maximum after the retreat of the ice; and the second 
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depresBion. within Neolithic time, was probalily only a few tbon- 
8an<) yeftrs ago. 

Jfuir gliirier and it» ricinilg. By H. P. Ci'SHisd. An inter- 
«ating description, with lantern illustrations. The rate of glacial 
motion near the border, according to Mr. Cushing's measurements, 
is four to eight feet jier day. being much less than the rate deter- 
mined by Wright for the more central portions of this famous 
Alaskan glacier. [See this paper, p. 207. ] 

T/if present ttnndiiig of the tevral liypotlirirK itf thi' cnntf, of 
theOhiflal ptvloil. By Thomas C. Ciia.mberus. The restric- 
tion of the great areas of Pleistocene gtaciation to one side of 
the northern hemisphere forbids our receiving the ingenioos 
astronomic theory of the late Dr. Croll as an adetiuate explana- 
tion of the causes of the Ice age. Also, from the line of argu- 
ment employed l»y the speaker in his previous paper Itefore the 
American Association, the theorj' of high uplifting of the land 
to account for the ice accumulation seems e*|ually untenable. 
An elevation of H*,000 or 15,000 feet would probably he re- 
^luired, and this great uplifting must te shown to have Iteen con- 
temporaneous and co-extensive with the glaciation. Therefore, 
, finding no evidence of such continental elevation, the most prob- 
able theorj- is believed to be that of changeu in the jKisition of 
the earth's axis and its poles, bringing the glaciated countries into 
high latitndes with arctic climate. A paper presentetl iKffore the 
astronomic section of the American Association at this meeting 
by Prof, fieorge C. Comstock, on '-The secular variation of ter- 
restrial latitudes." shows that a slow change in the place of the 
north pole is now in prt^ress and has amounted to four and a half 
seconds during the past century. Such movement at the pole 
may have been more rapid during the Glacial period. If the 
north pole were tronsferrecl fifteen or twenty degrees towan! the 
south end of Greenland, the drift-covered areas of N'orth America 
and Kurope would be lin>ught Into latitudes favorable for their 
envelopment by ice. 

Prof. C. H. Hitchcock, in discussion, suggi^ted that the sun's 
heat may have l)een variable, being considerably diminished dur- 
ing the glacial epochs. 

Prof. N. P. Whaler distrusted the explanation l»y movement of 
the earth s axis, and inclined instead to believe that geographic 
changes during the fSlacial period induced cool and humid cH- 
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mates, with abundant snowfall but not exceasive cold, where the 
ice-sheeta were accumulated. 

Mr, AVarren Uphaji referred to recent calculations by Prof. 
T. G. Bonney, that a decrease of about fifteen degrees in the 
mean temperature of Europe and North America might reinstate 
a glacial epoch. For this change, according to observations of 
mean temperature aa dependent on altitude, an elevation of 5,000 
feet, or probably even of 3,000 feet, would suffice. Fjords of 
Arctic and northern shores of all glaciated regions, the continua- 
tion of the Hudson valley to a depth of 2,800 feet below the sea 
level, and equally deep submerged valleys on the coast of Cali- 
fornia, demonstrated by Le Conte to belong to the Pleistocene 
period, show that the unique Ice i^ was closely attended by a 
verj- remarkable cpirogenic uplifting of this continent. Two so 
wonderful geologic episodes probably sustained causal relations 
to eacb other, the great elevation being the cause of cool climate 
and ice accumulation. 8uch geographic changes seem also more 
likely to come on rapidly, to cease by ensuing depression, and 
afterward to be renewed, than would seem possible for changes 
of the poles. The present rate of change of the north pole is 
about 450 feet during a hundred years, but the distance that it 
should lie removed to produce each glacial epoch of the two or 
more recognized within the Pleistocene period is 1,000 or 1,500 

Oil the, iiorthwanl. unit aratwinl i-xUnsion of J're- PUttlOfiie 
geai-eU in ihi: basin of the MiMiMippi. By K. D. Salisburv. 
The Lafayette formation is found to extend beneath the glacial 
drift io western Illinois about 100 miles northward from the drift 
boundary, to the vicinity of Keokuk, Iowa. Farther to the north, 
at Rock Island, the same formation is known to have existed, for 
pebbles of its gravel occur in the drift. Some of the gravels of 
the driftless area in Wisconsin are probably also of Lafayette age. 
In the Ohio ttasin the Lafayette gravel contributed to the drift as 
far eastward as the southeast corner of Indiana. 

Oa certoitt i:rt<-n-Mor(iinic drift plienoiaeua of Xcw .Trrtty. By 
R. D. fJALlBHURY. Deposits of undoubted till have been discov- 
ered Ave to twenty miles south of the terminal moraine which 
was mapped about fourteen years ago across northern Sew Jersey, 
and which has since been sup^wsed to l>e the extreme limit of 
glacial action. The Iwuldcrs and smaller rock fragments of this 
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tilt &re much decayed and colored by oxidation of their iron. 
A lat^ proportion of tliem yet slion glacial striation, and ttiis is 
notably tnie of the occasional masses of soft shale, which could 
not endare water traoBportation. In one place the till lies on a 
highland 300 feet above the moraine, which is there three miles die- 
tact to the north. The thickness of this extra- morsinic till ranges 
from 30to 70 feet,as shown by sections and wells. Judging from the 
contrast in their degrees of oxidation, this till appears to be surely 
ten times and quite probably fifty times older than the moraine. 

Inequaliti/ of dtitributlim of the eugla^lal drift. By W'aeren 
Uphah. The detritus which was contained within the ice-sheet, 
called englacial drift by president Chamberlin, is verj' unequally 
distributed. Tracts in \ew Kngland, New York, Minnesota, and 
Manitoba, were described, some of them notable for the abun- 
dance and others for the scantiness of the englacial drift. Its 
amount or average thickness held within the ice at the time of ita 
final melting and then exposed on the ice surface, as on the 
present Malaspina glacier at the foot of the St. Klias range, is 
estimated to have varied, in the northern United States and in 
Manitoba, from almost nothing to about forty feet. The rela- 
tionship of the englacial drift to the terminal moraines, and the 
forms in which it was deposited during the departure of the ice, 
namely, as englacial till, perched blocks, kames, osars or eskers, 
valley drift, loess, and deltas'of glacial lakes or of the sea, were 
briefly noticed. 

Drfloration and defoniuilhm of alhieial ilepositn in Neio Kiig- 
lainl. By Homer T. Fuller. KfTects of drought and winds on 
sandy river terraces, producing dunes since the clearing of the 
original forest, were descrilied; and the speaker recommended 
the re-foresting of many of these tracts. 

Oh II ilefp boring iinir Akron, Ohio, iind iU nii/iiijiciinee. By 
E. W. Claypole. a preglacial or interglacial channel of the 
Cuyahc^a river in the south part of Akron, now filled with silt, 
has a depth of 390 feet. In another channel somewhat farther 
east and tributary to the foregoing, a boring this summer passed 
through about 150 feet of gravel, in which, near the underlying 
rock-bed, a stone arrow-point was fonnd. 

International (Jeol(k)icai, C()saREB8. 

The second day of the Congress was devoteil wholly to disctis- 
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sion of the classification of Pleistocene formations. President 
Chamberlin opened the discussion by remarking that it is possi- 
ble to class if j- these deposits upon three bases: 1. Structural; 
2. Chronological; 3. Genetic. He then presented, in printed 
form, a "Proposed genetic clasaiflcation of Pleistocene glacial 
formations." Thegeneral classes were noted as follows: — 

T. Formations produced by direct action of Pleistocene 
glaciers. 

II. Formations produced by the combined action of Pleis- 
tocene glaciers and accompanying glacial drain^e. 

III. Formations produced by glacial waters after their issu- 
ance from Pleistocene glaciers. 

\X. Formations produced by floating ice derived from 
Pleistocene glaciers. 

V. Formations produced by shore ice and ice floes due to low 
Pleistocene temperature, but independent of glacier action, 

?VI. Formations produced by winds acting on Pleistocene 
glacial and glacio-fluvial deposits under the peculiar conditions of 
glftckition. 

The first class includes (1) subglacial till, dmmlins, and sub- 
marginal or lodge moraines, these being products formed at the 
base of the glaciers; (2) dump moraines, englacial till, and 
medial moraines, these being products derived from material 
home on the glaciers and within them; and (3) push moraines, 
and lateral moraines, these being products of the mechanical 
action of the edge of the ice. 

Under the second class are osars. kames. overwash aprons, and 
other tracts of assorted drift. 

The thinl class comprises valley drift, loess, and deltas formed 
in lakes or the sea. 

The type of the fourth class is glacio-natant till, which is sup- 
posed to lie de[>osited in glacier- fringing lakes or in the ocean. 

In the fifth class are various shore ridges, littoral deposits, and 
otf shore deposits. 

To the sixth class dunes and eolian loess may lie referred. 

In discussion of this scheme of classification, Prof. Albert 
Gatdrv spoke of the Quaternary faunas of the Paris basin, of 
Fnglaud, Germany, and Italy, some of which imply cold and 
Others warm climatic conditions. 

Prof, H. Crei>xkr and Baron t>e Geer approved the foregoing 
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classification; but the latter would distiaguish the marine de- 
posits as a separate class. 

Prof. T. McKennv Huqhes explained the abundance of 
striated boulders in one part of the glacial deposits and their 
absence in another. If the supply of material ( that is, of rock 
masses projecting above the ice ) ceases at anj- point, then all the 
bonlders will gradually sink through the ice and become glaciated 
at the bottom. He thouglit it a<lvantageous to distinguish long 
gravel ridges by the name osars, and short ridges and knolls as 
kames. He expressed his opinion that the Ice age was a single 
continuous cold period, in England at least, except for slight 
and unimportant oscillations in the extent of the ice-sheet. It 
was probably introdnced by a stage of very high land eleva- 
tion. 

Dr. F. Wahssch.*ffe preferred a chronolt^ical classification. 
In northern Germany the ground- moraines of two distinct glacial 
epochs are separated by fossiliferous sand and gravel of inter- 
glacial age. 

Prof. H. Credner thought these stratified beds between de- 
jxKsits of tilt to be merely local, indicating some retreat and read- 
vance of the ice-sheet but no interglacial epoch. 

Prof. A. Pavlow urged the need of a more satisfactory defini- 
tion of the Pleistocene period. 

Baron de Geer recognized two glacial epochs in Sweden, due 
to two great oscillations. These cannot always be separated, as, 
for instance, in Russia. For this reason it is best to commence 
with a genetic elassiflcation, since this causes less confusion to 
the field geologist. 

Dr. Wahnschaffe replied to Prof. Credner's assertion that 
there is no proof of an interglacial epoch in northern Germany. 
He thought that the existence of a diluvial fauna between the two 
tills is sufficient proof. 

Prof. Creu.ver replie<l that no complete skeleton has been 
found, but only single bones which may have been transported 
and deposited with the gravel. 

. Dr. Wahnsoiaffe again replied that the bones occurring in 
these gravels arc proportionately lat^e, when compared with the 
gravels, and therefore cannot well have been transported from a 
distance. 

Prof. N. S. SliALER stated that organic deposits may occur 
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very near the ice-sheet, which allows an interweaving of oi^anic 
and glacial deposits. 

Mr. C(. K. Gilbert remarked that in Alaska.aocording to Mr. I. C. 
RusBell's observations, the waning ice-sheet becomes covered with 
drift and even with a growing forest, in which bears and other ani- 
mals live. 

Br. Carl Diener suggested that intercalated beds of sand are no 
positive proof of interglacial epochs. In the Anstrian Alps morunes 
no more than twenty years old are covered with pasture, and In 
the CancasuB the rhododendron grows to the very edge of the ice. 

Dr. N. U. HoLST mentioned two moraines separated by inter- 
polated sand, and thought that they might both have been formed 
by the same ice-sheet. The melting of the ice leaves an unoxi- 
dized { blue) ground-moraine, with an overlying oxidized ( yellow ) 
upper moraine. This also occurs in northern Sweden, where 
there is no indication of a retreat of the ice. 

Baron de Gker could not understand the occurrence of thirty 
or forty feet of stratified sand between two moraines of the same 
glacial epoch. The colors are sometimes the reverse of what has 
lieeu stated by Dr. Hoist, and the boulders in the two moraines 
have been derived from different sources. 

Mr. James C. Christie descnbed the section of peat and silt be- 
tween two iayersoftilljOccurringontheriverClydeaboveOlaagow. 

Mr, Henry M. Cadell reported five distinct layers of till oc- 
curring in a preglacial river channel in eastern Scotland; and also 
mentioned another river channel, filled with coarse gravel derived 
from rocks occurring farther north in Scotland, which was covered 
with a later layer of boulder clay. 

Mr. W J McGee mentioned the importance of land forms in 
interpreting geologic processes. Any primary geologic classifica- 
tion must be genetic, but he preferred a comprehensive scheme of 
classification of all Pleistocene formations, whether of glacial or 
other origin, making thus five classes; A. Aqueous; B. Glacial; 
C Aqneo-glacial ; D. Eolic; and E. Volcanic. 

President Chauberlin, in closing the discussion, said that 
there is great difQculty in applying a chronologic classification, 
and that such a classification may even act as a barrier to observa- 
tion and to the recognition of the truth. Chronologic classifica- 
tion is the ultimate goal of glacial studies, but it is something (or 
which we are not as yet prepared. Bed, oxidized subsoils are 
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not developed in northern latitudes. Organic deposits between 
glacial layers are abundant in the AVest, but do not belong to a 
single horizon. Many facts of erosion and physical geol(^' in- 
dicate that the Glacial period in America was widely differentiated 
and of long duration. How many distinct epochs it embraced we 
do not as yet know. 

Prof. E. D. Cope asked leave to add a remark concerning Pleis- 
tocene palieontolf^'. An abundant tropical fauna is found in the 
Gquns beds. If these are of interglacial age, there is indicated 
for that time a very warm climate. This fauna is succeeded by a 
truly boreal fauna. These may become the basis of a chronologic 
subdivision of Pleistocene deposits. 

Dr. Hans Reusth, of the Geological Survey pt Norway, ex- 
hibited slabs of sandstone bearing Paleozoic glacial strite and 
furrows, from the Varanger fjord (noticed in the Ajc. Geolohist, 
vol. vii, p. 388. June. 1891). 

During the afternoon of a later day of the Congress, some of the 
geologic features of the country to be traversed by the western 
excursion, which started immediately after the adjournment, were 
described. The Pleistocene topics were the following: President 
Chambkri.in, on the series of terminal moraines, the driftless 
area of Wisconsin, the recession of the falls of St. Anthony, the 
glacial lake Agassiz, etc. , and Mr. Gilbert, on lake Bonneville, 
whose area will he entered liy the railway excursion party through 
Cache valley, the old outlet of that lake, and on the recession of 
the falls of Niagara, which will be visited after returning from the 
Far West. 

Underthecourteous guidance of Mr. N. H, DAETON,of the United 
States Geolf^pcal Sur\'ey, many of the members of the Congress 
examined sections of the Potomac, Severn, Pamun key, Chesapeake, 
Lafayette, and Columbia formations in Washington and its vi- 
cinity and along the lower course of the Potomac river or estuar}-. 



EDITORIAL COMME^'"T. 

The Iktebnatiosai. Coni:irgb«of Gbolooibts. Washinotox HEBTiiio. 
The late session of the International Congress, while an im- 
portant event which will bear fruit in the near future conducive 
to the progress of the science of geologj', cannot be said to take 
-equal rank with those which have preceded it. It afforded grent 
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pleasure to Diimerous American geologists to meet the contineataT 
geologiets of Kurope, with whose work they had become familiar. . 
but whose faces they had never seen, and to grasp by the liand 
some of those whom they had previously known only through the 
exchanges of formal correspondence. Bnt the English-speak- 
ing American, while heartily welcoming the small number of geol- 
ogists present from Great Britian, was much disappointed tliat 
the meeting was largely ignored by the body of English geolo- 
gists, lie was still more surprised that his English -a peaking 
cousin, who dominates the American continent from the great 
lakes to the northern pole, should have but two nominal represen- 
tatives. Not one ofllcial geologist of either Great Britain or 
Canada attended the congress. This anomalous and significant 
fact may be susceptible of an explanation which will not impli- 
cate any one in any unpleasant manner, but at the present time 
it bears the prlnui farir evidence of some common cause, by 
reason of which our nearest allies preferred to express their 
sense of disapproval by dignified non-attendance. 

From Germany there was a large delegation — twenty-three- 
geologists — , from Mexico three, from Peru one, Roumania two- 
(each accompanied by his wife), from Russia eight, (Prof. Pavlow 
also had his wife with Uim), from Sweden four, Norway one, Bel- 
gium three, Switzerland two, Austria-Hungary three, Chili one, 
and from France five. From the United States one hundred and 
forty -eight were registered (including ladies), of whom fifty-three 
are connected with the United States Geological Survey. Ten 
active "state geolt^ists'' were present, and other state surveys- 
( Michigan and Kentucky ) were represented by geologists em- 
ployee! thereon. From New York city six attended, and from 
other parts of New York state eleven. From Philadelphia came 
six, and. from other parts of Pennsylvania three. There were 
four from Baltimore, and none from other parts of Marj'land. 
New Hampshire and Vermont each sent one. Massachusetts sent 
fourteen, Connecticut four, and Rhode Island two. There was 
one present from New Jersey, one from Virginia, and one from 
West Virginia. Two registered from North Carolina, and one from 
South Carolina. Therewasoneeachfrom Florida, Geoi^ia, Arizona 
and Alabama, and three came from Texas. From Arkansas three 
were present, from Missouri five, from Colorado, S. Dakota, Kan- 
sas and Nebraska one each, and from California four. Ohio sent 
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six, Indiana and Minnesota each one, and Iowa and Illinois five 
and fonr respectively. Micliigan had three representatives, Ken- 
tucky one and Tennessee one, and Wisconsin four From the Dis- 
trict of Columbia there were si xty- three memliera of the congress. 
The congress was organized by the election of the following: — 

I'riiiili-nU d' honiieur. 
James Hall. James D. Dana. 

i're»Uhitt. 
J. S. Newljerry, 
Vice FreiiihnU. 
Ai.LEVANGE — K. voD Zitt«l and H. Crcdner. 
ANaLETERKE — T. McK. Ilughcs. AuTRicHE — E. Tietze. 
Au8TRALiE~Arch. Liversidge. Beloique — E. Van der Broccli. 
Canada — J. C. K, Laflamme, Thos. Macfarlane, 
Chili — F, I. San Roman. Honqbie — Joseph von Szalju. 

Dakemark — F. Johnstnip, Indes— F. R. Mallet. 

EcosSE — H. M. Cadell. Irlasde — A. SoIIas, 

Espaone — M. F. de Castro. Italie~G. Uzielli. 
France — A, Oaudrj-, Mexique— A. del Castillo. 

Chas. Barrois. 
NouvBLLE Zelande — F. Hutton. Xorveoe — H. Reusch. 
Portugal-— J. P, N. Delga<lo. Suede— Geranl de Geer. 
RounANiE— G. Stefanescu. Suisse — H. Golliez. 

RusaiE — Th. Tschernyschew. Etats-IInis — Joseph Le Contc. 
F. Schmidt. J. W. Powell. 

A. Pavlow. Raphael Pumpelly. 

Secrel'iir/'s geaerati:r.- 
H. S. Williams, S. F. Emmons. 

J. C. Branner, Emm. de Margerie, 

G. H. Wiltiama, F. Freeh, 

C. Diener, Whitman Cross. 

Tresorler. 
.\rnold Hague. 
The following abstract of the proceedings of tlie congi'ess is 
taken from the daily printed record kept by the secretaries, and 
is "snbjectto revision," 

SKSBiOH OF AUO. 37 , 1691, 11.40 A. it. 
Prof. Jofleph Le Conte, Vice-President, Id the chair. 
As tbere were no reports of committees, the dlscusBlon on the classifl- 
cmdoQ of Pleistocene deposits was at once entered upon. 
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Prof. T. C. Cb&mberlln opeaed the dhcumlon b^ remarklogthatlt was 
possible to clauilj tbase deposits upon three bases: 1. Structuiml; 9, 
ChroDological; S. Oeaetlc. 

A scheme of classification according to genesis was offered to the Con- 
gress In printed form and explained at length. 

Prof. Qaudry spoke as follows: In the Parisian basin there are two 
different horizons distinguished by different faunas; the one Indicating a 
cold, the other a warm climate. It Is, however, Impossible to decide 
which of these two periods was the. earlier. In England the same con- 
dition of affairs Is to be observed. In Germany there Is but one Quater- 
nary fauna, which Indicates a cold climate, whilst in It&ly the fauna of 
the cold period is absent. 

Prof. H. Credner: The north German plain cont^as deposits closely 
related to those of the Pleistocene in America. Piof. Chamberlln's 
classification is admirable and wholly applicable to Oermany. 

Baron de Geer expressed his approbation of the claasiflcatiun proposed 
by Prof. Cbamberlln. He had for some years been advocating a similar 
class lUcatlon for Scandinavia. A few minor alterations might be sug- 
gested to suit Scandinavian conditions; for instance) the marine deposits 
might be made a separate class; classes IV and V of Prof. Cbamberlln 
could, perhaps, be reduced to sub-classes under III, as the formations 
frequently seem to be accidental or local. He agreed with the distinction 
suggested between osar« and kames; that Is, that the former are In the 
nudn radial and the latter peripheral with reference to tL« distribution 
of land-ice. 

Prof. T. HcK. Hughes pointed out that the classlflcatlou given by Prof. 
Oaudry was purely chronological, whereas that suggested by Prof. 
Cbamberlln was purely genetic. He then explained the abundance of 
striated boulders in one part of the glacial deposits and their absence In 
another. If the supply of material (that is, of rock bosses above the ice) 
ceases at any point, then all the boulders will gradually sink through the 
ice and become glaciated at the bottom. Prof. Hughes also thought 
that two distinct types of ridges formed of glacial material were con- 
fused under the names: kames, oaare and eskar. He also explained the 
"pitted pltdnfl" as due to an unusual interruption lietween the hills or 
ridges of eskar character. He expressed his opinion that the glacial 
period was a continuous one, in England at least, except for slight 
changes due to unimportant oscillations. 

Dr. Watanschaffe advocated the chronological classification, and con- 
sidered such a one possible for the Quaternary deposits of north Ger- 
many. These deposits begin with pre-glaclal Bands and gravels contain- 
ing Pnludiita rft7«(i»((n«, which ia still a living form and Litogtyphun 
nalofoiile*. Above these follows a typical ground -moraine which is 
overlaid by stratlSed sand and gravel, containing the well-known diluvial 
fauna; and to these again succeeds the upper till, considered now as the 
ground-moraine of the second glacial epoch. 

AnERKOOK SESSIOS. 

Continuance of the same discussion. 



I .y Google 



EUtoruU Comment. 247 

Prof. H. Crednei: The occurrence of the Bftnd between two grouDd. 
monlnee IndlmteB b retrest &ad second advance of the Ice sheet. Sucb 
Interpolated sande are in Germany bIwbjb local and no proof of a real 
interglaclal epoch. The sand layers between the moralnei are not con- 
tinuous, but local, and cannot be given the significance attributed to 
tbem bj Wahaschaffe. 

Prof, Pavlow: In order to secure a satlBfactory classiflcatlon of Qua- 
temaiT deposits, we must aecare a satisfactory definition of Pleistocene. 
Prof. Pavlow said he would like to give his own views, but would poet- 
pone them until such accepted definition had been arrived at. 

Baron de Geer agreed with WahnschaSe that the chronological clasB- 
ificatlon la at least locally possible. He also recognized two glacial 
«pochs, due to two great oscillaUons. These cannot always be separated, 
as, for instance, in Russia. For this reason it Is best to commence 
vith a genetic classlBcation, since this causes less confusion to the field 
geologisL 

Dr. Wahnechaffe replied to Prof. CrAlner's assertion that there is no 
proof of an interglaclal period In northern Germany. He thought that 
the existence of a diluvial fauna between the two tills is sufficient proof. 

Prof. Credner replied that no complete skeleton had been found, but 
only single bones which might have been transported and deposited with 
the gravel. 

Dr. WahnschaSe again replied that the bones occurring' in these 
gravels are proporUooately large, when compared with the gravels them- 
eelves, and therefore cannot well hare been transported frotu a distance. 

Prof. Bhaler: Organic deposits may possibly occur v^ry near the ice 
sheet, which allows an interweaving of organic and glacial deposits. 

Mr. O. K. Gilbert remarked on the observation of I. C. Russell in 
Alaska, that where the movement of the ice is very slug^sh. It may 
become covered with soil, or even with a growing forest, in which such 
animals as bears Bltll live. 

Dr. Diener remarked that intercalated beds of sand were oo positive 
proof of Interglaclal periods. In the Austrian Alps morgues no more 
than twenty years old are covered with pasture, and in the Caucasus the 
jhododendron grows to the very edge of the ice. 

Dr. Hoist mentioned two moraines separated by interpolated sand and 
thought that they might both have been formed by the same Ice sheet. 
The melting of the Ice leaves an unoxldized (blue) ground-moraine, with 
an overlying oxidized (yellow) upper moraine. This occurs in northern 
Sweden where there le no indication of a retreat of the ice. 

Baron de Geer could not understand the occurrence of thirty or forty 
feet of stratified sand between two moraines of the same glacier. The 
colors are sometimes the reverse of what has been stated by Dr. Hoist, 
And the iMulders in the two moraines have been derived from different 

Mr. Christie described the section of peat and silt between two layers 
of till, occorriog on the river Clyde, above Glasgow. 

yix. Cadell described some five distinct layers of till occurring in a 
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pre-^Kciol river chtmnel In east«ra Scotland; aod also meotioDed another 
river channel, tilled with coarse gravel derived from rocka occurring 
farther north In Scotland which was covered with a later la^er of boulder 
clay. 

Mr. McQee mentioned the importance of land fornu in interpretiug 
geological processes. Any primary geological claBsiflcatlon must be 
genetic. He discussed in detul the following scheme of classltica^on of 
Pleistocene deposits: 

Clatnfiaition of PUntorene Fonmtiont and Land Formi. 

A. Aqueous: 

1. Below liase leveL 

a, Hajine. 
6. Estuarine. 
e, Lacustrai. 

2. At base level. 

a. Littoral. , 

b. Marsh. 

c. Alluvial (certain ten aces, etc.)^ 

3. Above base level, 

a. Torrential. 

b. Talus (Including playaa). 

B. OUclal: 

1. Direct (Chamberlln's class I.) 

2. Indirect (Oliamberlln's cissees II to V, in part) 
0. Aqueo-OIacIal: (Chamberlin's Glasses II to V, in part.)< 

D. Eolic: (Chamberlin's c!ase{?) VI.) 

E. Volcanic: 

1, Direct 

a. L&va sheets. 

b. Cinder cones. 

c. Tuffs, lapill) sheets, etc. 

2. Indirect. 

a. Ash beds. 

(. Lapilli sheets. 

Prof. Chamberiio, in closing the discussion, said that there was great 
difflculty in applying a chronological class IBcatlon, and that such » 
cIsBBiflcatiou might even act as a barrier to observation and to the recog- 
nition of the truth. Chronological classification is the ultimate goal of 
glacial studies, but It is something for which we are not as yet prepared. 
Red, onidlzed sub-soils are not developed in northern latitudes. Or^nlc 
deposits between glacial layers are abundsnt In the West, but do not 
belong to a single horizon. Many facts of erosion and physical geology 
indicate that the glacial epoch in America was widely differentiated and 
of long duration. How many distinct periods it embraced we dn not 
as yet know. 

Prof. Cope: An abundant tropical fauua isfoundinthe''Equu3beda," 
which, if they be of interglaclal age, Indicates at this time a very warm 
climate. This fauna is succeeded by a truly boreal fauna. In thh i» 
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■contained material for -a cbronological sub-divMon of Pleietocene 

-deposits. 

BBaaiON or Arn. 38, 1891, 11:40 a. u. 

Prof. J. Lb Conte, Vice- President, In the cbalr. 

ADnouncementa by tbe Oeueral Secretary, Mr. 8. F. EmmonB, relative 
to the mloutes of yesterday and to various excursions. 

AnnouDcemeDt by major Powell in regard to the eaeayH on correlation 
to be published as bulletins of the U. S. Geological Survey. 

The President then announced as the subject for discussion, the Cor- 
relation of Geological Fonnatlona. 

Mr. Gilbert opened this discussion by presenting a general clasBlfica- 
tlon of methods of correlation. 

Strata are localiy classitled by superpoeition In chronologic sequences. 
Geologic correlation is the chronology of beds not in visible sequence. 
For convenience In discussion, methods of correlation are classed in ten 
groups, of which slK are physical and four hlotlc. 

PHYSICAL METHODS OF CORRELATION. 

1. Through visible continuity. The outcrop of a bed Is traced from 
point to point and the different parts are thus correlated one with 
another. 

3. Strata are correlated on account of lithologic similarity. This 
method, once widely prevalent, is Bsed where the distances are small. 

3. Correlation by the similarity of lithologic sequence has great and im- 
porUnt use where the localities compared fall within the same geologic 
province, but it is not safely used in passing from province to province. 

4. Physical breaks or unconformities, have a limited use, especially 
in conjunction with other methods. The practice of employing them in 
the case of localities wide apart Is viewed with suspicion. 

5. Deposits are also correlated with their simultaneous relations to 
some physical event; for example, abeach with the lake beds it encircles; 
a base level plane with a contiguuus subaqueous deposit ; and alluvial, 
littoral, and subaqueous deposits standing in proper topographic relation. 
In the Pleistocene, glacial deposits are widely correlated with reference 
to a climatic episode assumed to arise from some general cause. 

S Deposits are correlated through comparison of changes they have ex- 
perienced from Geologic processes supposed to be continuous. Newer 
And older drift deposits In different regions are correlated according to 
the reladve extent of weathering and erosion; Induration and metanior- 
pbiem afford presumptive evidence of age, but yield toevldence of other 
character. Hetamorphism holds prominent place In the correlation of 
Pre-Cambrian rocks where most methods are inapplicable. 

These physical methods are quallfled by the geographic distribution 
of Geologic processes of change and of geologic climates. 
BIOTIC METHODS OF CORRELATION. 

7, A newly-discovered fauna or flora is compared with a standard 
series of faunas and florae by means of the species it holds in common 
with them severally. 
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8. It Is also compared bj means of represealative forms, or througli 
genera and fttmilles. 

ta and 8a. These compMiHons are Etrengthened if two or more faunas 
In sequence are found to be STStematicall; related to the faunas of a 
Standard series. 

9. Two faunas or lioraa otherwise related arecompared Id age through 
their relation to the present ilfe of their localities. This method was ap- 
plied liy Lye 11 to Tertiary rocks. 

10. Faunas are correlated by means of their relation to climatic 
episodes, taken in connection ylth station. For example, boreal shells 
found in laUtudes below their present range are referred to glacial time. 

In general the limitationa to accurate correlation by blotic methods 
arise from the facts of geographic distribution. Correlations at short 
range are better than those at long range. 

Blotic correlation by means of fossils of different kinds may have 
different value. In general, the value of a species for the purposes of 
correlation is inversely as its range in time, and directly as Its range In 
space. The value of a blotic group depends (1), on the range of its 
species in time and space; (3), on the extent to which Its representatives 
are preserved. 

Prof. K. von Zittel spoke in reference to the biotic methods and gave 
his opinion of the relative value of plants and animals for purposes of 
correlation. He regarded plants as relatively unimportant. Among 
animals those which are marine, lacustrine and land animals may be 
distinguished. Of these classes marine lavertebrates are most value- 
able for purposes of correlation. The vertebrates change rapidly butare 
frequently altogether wanting. For instance, no vertebrates occur in the 
Alpine beds corresponding in age to those which contain the mammalian 
fauna of the Paris basin. In certain lacustrine deposits invertebrates 
may be absent, and in such cases the vertebrate fauna is the eurest guide. 

Baron de Oeer emphasized the Importance of a numerical comparison 
between different species. The actual counting of Individualsin a given 
formaUun Is of great value. 

Prof. Marsh expressed his agreement in general with the conclusions 
communicated by Prof, von Zittel, but would give special weight to 
vertebrate fogsile. lu the Hesozoic and Tertiary beds of the Rocky 
Mountains he had found that the vertebrates offer the surest guide for 
correlation. This is in part because invertebrates are either wanting or 
are lacustrine. Prof. Marsh In 1877 named a sequence of horizons 
after the most characteristic vertebrate genus in each which is confined 
exclusively to it. He presented an outline of such classification brought 
down to date with a section to illustrate vertebrate life in America. 



Mr. G. D. Walcott spoke of the value of plants for purposes of geo- 
logic correlation. 

Prof. T. McK. Hughes spoke of the present and growing tendencj- 
toward a natural classification. The evidence is complex and includes a 
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coDsiderable variety of dlverae relatloni. He pointed out «iGcptioiis to 
the normal coacluaions deduced from supeipcaMiin, UUkidnglcal char- 
acter, and filmllarltf ol sequence. We laaM have a >jstem of criteria so 
varied that if one or mora fails oth«n ean tie employed. Alt claaaea of 
evidence are useful, tioth poaMve, Begatlve, and circumstantial. 

Major J. W. Povatl spoke of the necessity of specializatioD on the 
part of niiiilngliils engaged in the work of correlation. The evidence 
doivad from pfaj^lcal and blotic facts might apparently disagree. Biit 
tbata satisfactory result may he reached, these two classes of evidence must 
be brought Into harmony. He cited an example from hia own experi- 
ence of how an Identification of BjnchrODOUs formations might be made 
over a wide area through a union of physical and blotic methods. 

Mr. W. J. HcGee remarked that In the costal plain of the United 
States physical correlation alone Is employed. The bases accord with 
those outlined by Hr. Giltiert with cert^n minor modifications and an 
important addition, as follows i 

1 visible Conllniiitf: 
Far Iwal dlMrlmlniitlon md correUtiOD Lllbologic BlmlUrlly: 
{ tilmlUiTly of Htquenca. 

F„ „,„U. .i.,o.,b... ,1. ,„„•».; ""SESi;';!?" '"""■ " '"""'" 

[ KeUtlon to phYBlnl n-^ntB, 
For correlation vtllb oonHgnonr) proHncp!^. {5!^"'^'",^on "f"^'^",'!™*"''' 

For gsnenl correlation, - - ■ Homossny or Identllf of orlnlo. 

By correlation upon these bases the physical histoiy of a considerable 
fraction of the continent may Iw so definitely ascertained as to permit 
fairly accurate mapping of the geography, and even the topography of 
each episode In continent growth. After these episodes are clearly de- 
fined, and the fossils found in the formations are studied, It will be pos- 
sible definitely to ascert^u the geographic distribution of organisms 
during each episode, then paleontology msy be placed on a new and 
higher plane. 

Prof. W. M, Davis showed that It was possible to decipher geological 
history not only through the records of deposition, butalso by processes 
of degradation. As an example of this method he explained a topo- 
graphical section from the city of New York westward. In this we 
have evidence of the existence of an ancient "p«wpl«in," or base-level 
lowland of Cretaceous age. This surface was subsequently elevated 
(more toward the west than toward the east) at the end of Cretaceous, or 
at the beginning of Tertiary time. It has since been dissected by the 
excavation of more recent valleys. The Hudson valley lowland was 
cited as an example of this recent dissection. 

Prof. B. W. Ciaypoie considered that the different methods of geologic 
correlation differed very greatly in their value. It Is improbable that the 
plant or mammalian record will ever equal in its perfection that of the 
marine Invertebrate fauna. The marine fauna Is to the geologist what a 
primary triangniation la to the geodoslst. It marks out the main divi- 
sions, which are subsequently further subdivided through the aid of 
other fossils, such as plants and vertebrates. 



I .y Google 



252 lite Amefiean Geologht. October, isn 

Prof. C. R. Vftn Hiae spoke of the methods of correlation employed for 

pre-Cambriwi rocke, which occur Id widely separated areas and »re 
devoid of fossils. Physical data only are available for correlBtlng these 
formations. Experience has shown that among at! physical methods, 
uncOD^ormlty is by far the most Important. Other physical criteria, such 
as the degree of Induration, metamorphism, and relation to eruptiveB, 
are valuable for the subdivision of single areas, but cannot be safely 
used la Identifying synchronous formations in widely-separated areas. 
The idea that lithological character is any direct proof of geological age 
has retarded the scientiflc subdivision of pre-Cambriau rocks. The re- 
searches of Pumpelly and others in the eastpm United States have 
deTiionstrated that Silurian, Devonion, and even Carboniferous deposits 
might become, under c°Ttain physical conditions, as highly crystalline ae 
much more ancient rocks of the West. For this reason it has been found 
necessary to abandon such term ae Iluronian and Keweenateaa. Erldences 
of life are not lacking in pre-Cambrian rocks, and it Is t« be hoped that the 
paleontologist will succeed in dlflerentiatlng several separate formations 
below the Cambrian, as the Cambrian itself was diilerenttated from the 
base of the Silurian. 

SESSION OF ACQ. 29, mi, 10 A. U. 

Prof. Albert Gaudry, Vice President, In the chair. 

Mr. S. F. Emmons, General Becretary, made announcements. 

M. Alexia DeUire presented two communications In behalf of prince 
lioland Bonaparte relating to the phenomena of the Aletsch glacier and 
upon an excursion to CorBica. 

Prof. Chas. Barrois presented a communication on behalf of Prof. 
Michel Lfvy upon the geologic history of the Auvergne volcanoes, con- 
taining a class Ideation of eruptive rocks as represented by symbols. 

Prof. E. W. Hilgard laid stress upon the Importance of the abundance 
or scarcity of species in the correlation of strata. He thinks some 
(|uantltatlve estimation of the species should be made. He is of the 
opinion, also, that as compared with marine fauna, plants have but little 
value, for purposes of correlation owing to their local distribution, their 
accidental proximity to water, transportation, and preservation. Plants 
can be so used only after large areas are worked over. 

Prof. Zittel was called to the chair, and I^of. Lester F. Ward then con- 
tinued the discussion. He developed two of the more general princi- 
ples of correlation by means of fossil plants, as followsr 

I. That the great types of vegetation are cbaracteristlc of the great 
epochs in geology. 

This principle is applicable in comparing deposits of widely diflerent 
age when the stratigraphy is indecisive. For example, even a small 
fragment of a Carboniferous plant proves conclusively that the rocks in 
which it occurs are paleozoic, or a single dicotyledonous leaf proves 
that they must be ae late as the Cretaceous. 

II. That for deposits not thus widely different in age, as for example, 
within the same geologic system or series, ample material Is necessary 
to fix their position by means of fossil plants. 
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Neglecting thii piicciple hu led to tb« greater part of the mlBtakea 
'Of paleobotanlfitB, and haa done moat to bring paleobotany into disre- 
pute. QeologlatB have expected too much of them, and they, in turn, 
have done violence to the truth In attempting to satiufy extravagant de- 
mands. On the other hand, where the material 1h ample, foeiil plants 
have often corrected the miatakes of Btratigraphical geologiats, tmd 
solved problems concerning geologic age, which seemed impossible of 
settlement by any other class of evidence. 

Mr. Chas. D. Walcott spoke upon the correlation of the Cambrian 
rocks of North America. The principles used now are the same as 
those used b; Uie New York surrey prior to 1S4T except that those 
principles have been somewhat modlQed by the theory of evolution. 
Botti physical and biotlc data are available in the correlation of the 
Cambrian rocks on the Atlantic coast, of the Itocky Mountain areas, and 
of the interior continental plain. Throughout the Appalachian prov- 
inces the physical data suffice to correlate the Lower Cambrian from 
Vermont to Alabama, but such data ore not lufflclent to correlate It with 
that North of the 6t. Lawrence valley. The correlation of the deposits 
of the Appalachian and the Kocky Mountains troughs were by biotic 
data alone, and of the great extent of the Upper Cambrian over the 
continent the biotic data correlated the Rocky Mountain Upper Cam- 
brian with that of the interior and the Appalachian area. 

The correlations made indicate that in Lower and Middle Cambrian 
time a great continental area existed over the interior, and all the Cam- 
brian sediments were accumulated in troughs west of the Appalachian 
and Rocky Mountains. In Upper Cambrian time ths interloT of the 
continent sank beneath the ocean, and the sandstones of the upper Cam- 
brian were deposited, and the result of these correlations add a chapter 
to the history of the evolution of the North American continent. 

Prof. James Hall spoke of the difficulties encountered iu the earliest 
attempts at correlation of the rocks even In the state of New York. 
He urged the importance of taking Into consideration both physical and 
faunal characters of tbe rocks. In some coses, however, the physical 
characters of the rocks change greatly in passing from one region to 
another- -sandstones grading into limestones, and limestones into shales 
— and these beds may also vary greatly In thickness. Fossils are of 
unequal value In such correlations: Lamellibranchs are near shore forms 
and fall in deep water; they are not, therefore, so valuable as Brachlo- 
pods, which have a wider distribution, for purposes of correlation. 

Prof. Henrj- 8. Williams laid stress upon the relations o( species to 
the conditions of deposition. The abundance of a species varies with 
environment, and a study of correlation should embrace a study of 
these conditions. Sandstones deposited near shore may have a fauna 
different from that of a limestone deposited off shore at the same Ume, 
and a change of fauna may be Induced by a change of tbe conditions of 
deposition. The age of beds should be determined by comparing 
species of the same genera rather than by comparing those of different 
genera. There are centres of abundance which exhibit great variability 
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in their cbaracUn; OMWUaaf flirrr caatreB the apecles exhibit varieties 
nUcli amj be «tfled «xtn>-llnittal, sad which are not typical though 
they twve often been published as types. 

Dr. F. Freeh laid that In compftring the middle paleozoic fauna of 
Europe with that of North America, there were two principal pottite of 
especial Interest ; 

A. The identity of some comparmtivelj Bmall horizons. 

B. The far greater differences that exist In these same beds. 
The similar faunas are — 

1. That of the Niagara and of the Weolock shales. 

2. In the Upper Devonian the Kbynchonella of the Tully limestones 
and the Qoniatites of the so-called Naples beds. 

3. The Gonlatites at the Inue of the Carboniferous In Iowa, in Spain, 
and in middle Germany. 

The Hamitton fossils are of especial Interest beeasM we hare on the 
Rhine, Id the so-called Lennenschiefer, « fauna of the same facies. 
But while these rocks were depoatted under similar physical condiUuns, 
the number of identical apecles in the two countries is very small, and 
there are masj c^oera In each country not found in the other. All the 
Lower Devonian Is wanting in European Russia and part of it is want- 
ing in middle Qermanr, but the great physical change which followed 
Is sufficient explanation for the differences which characterUe the junc- 
tion of the Devonian and Silurian. 

Prof. Barrels thinks it impossible to compare In detail American and 
European rocks. Some Individual zones of the American series can be 
correlated with European horizons, but It Is quite impossible to estab- 
lish In detail the identity of Other and adjacent zones. 

Prof. C. R. Van Hise spoke of the distribution, character, and succes- 
sion of the pre-Cambrian sedimentary rocks of North America. All 
rocks are regarded as pre-Cambrlan which areeariler than the Olenellus 
fauna. These rocks contain the evidence of abundant lite as shown by 
thick beds of carl>onaceous shales, by various distinct fossils, and in 
many other ways. When a less highly developed fauna Is found, as 
different from the Cambrian fauna as the Cambrian is from the Silurian, 
It Is best to give this fauns a new name. 

There are in many areas in North America great thicknesses of little 
altered pre-Cambrian sedimentary rocks. In many regions these rocks 
have been separated into series by nide-spread unconformities, and 
these series have been farther divided into formations. Some of the 
more important pre-Canibrlan regions are liake Superior and I^ke 
Huron, Central Arizona, New Brunswick, Newfoundland, Southwestern 
Montana. As an illustrative example of the successions ma;' be cited 
the flrst. In this area the descending order is Lake Superior sandstone 
(Potsdam), u neon form tty, Keweenawan, unconformity, upper Huronian, 
unconformity, Lower Huronian, unconformity, basement crystalline com- 
plex. Each of these series Is divided into several formations. 

In Individual regions it is possible to correiiate series and formations 
upon a physical basis. Id different regions the series have variable 
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lithologjcal chvactere and unlike Buccesdona. Becanse of the abieace- 
of a well-kDOwa pre-Cambrian fauna It is impncdcable at present to 
make correlatioDB in far-diBtant regionB. Hence the term Algonkion 
has twen proposed bj the United States Oeologlcal Survey to cover the 
whole of the pre-Cambrtan dwrttes. N« ««*Ung ^nlogi* in *f«%ii 
now holds the Indivisibility of the pre-Cambrlan la all regions. 

If the foregoing conclusions are correct, the invariable succession ad- 
vocated by Hunt, evolved almost wholly within the laboratory, in value- 
leas. It la shown to be untrue at one ormore fundamental points by the 
observed order of the rocks in every region In which there are tolerably 
fuUsuccesiloDB. 

Prof. B. Pumpelly confirmed the observations of Prof. Van Hise in so- 
far as he bad been over the ground mentioned. He referred eapecially 
to observatlona made In the Qreea mountaina, where In one locality 
metamorphism has compiet«ly tnaaked the original character of the 
rocks, and thus rendered Impoaelble correlation by lltbologic characters. 
As an example he cited a formation which is a qusrtzlte, at one point. 
a white gneisB containing new feldspars at another, aconglomerate with- 
out any schistose structure at another, and a mica acblst at a fourth 
locality. 

Prof, Chaa. Barrola, referring to the remarks of Prof. Van Hlee, aaid 
that there waa no general basis, either biologic or lltbologic, for the 
correlation of the pre-Cambrian rocks of Europe with those of North 
America; even the terms applied tolbeae rocks were liable to be mis- 
understood. Certainly the divisions used In France cannot be correlated, 
with those now used in the United States. General correlation cannot, as- 
yet, be baaed upon non-coaformitiee; autopsy is the only basia upon whlch> 
a comparison can be inatltutecl. He pointed out certain paralleliama 
between the hiatories of the crystalline schists of America aa illus- 
trated by Mr. Pumpelly and the gneiaaic rocka of Brest, where the Cam- 
brian slatea are altered to gneUaea of Arclitean aspect, while the alternat- 
ing fossillferoua quartzltea are changed to crystalline quartz. Oeologlats 
most see the beds together in order to reach a common understanding of 
the crystalline rocks. 

Dr. Chas. A. White was called upon, but in view of the divergence of 
the diacuasion from the topic as originally taken up, excused himself 
from speaking upon the aubject 

Prof. E. D. Cope discussed the question from a general point of view 
with especial reference to the value of vertebrates for purposes of corre- 
lation, particularly for later- continental correlation. He pointed out that 
there is a marked difference in the present vertebrate faunas of conti- 
nents, and that the variation of eucb forms must be sought in vertical 
r«ther than in horizontal ranges. Such study shows that we have had 
Invaaions of a given region by a fauna from without; for example, a. 
South American fauna invaded North America at one time and then 
retreated, while a North American fauna once invaded South America. 
and tracea of It allll remain In that coantry. He is inclined to believe 
that certain vertebrate forms did not spread over the earth from a alngle 
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pUce of origin, but that they originated at different pUcea upon the 
earth. We have parallelism io separate places, but the paralieliBm is 
defective in the Laramie. 

Mr. 0. K. Gilbert was of the opiaioa that many methods of correiat'.on 
must be used. He doubted the truatwonhlness of the correlatjon of non- 
fosBlHfcrouB rocks by comparative change, even locally. He thought th« 
nbiiDdaace and HCarclty of fossil forms comparable with lithologlc differ- 
ences, aad conalderRd the simple occurrence of a Hpecles as valuable for 
purposes of correlation as its HbuDdance. 

Prof. Van Hlae explained that the distinction between the Algonkian 
and the Arcbtean has not been widely made ia Europe, because there, as 
in the Appaiscbian region, later and powerful dynamic movements have 
repeatedly occurred. 

Prof.E.D. Cope added that life in ila progress on the earth differed from 
minerals and rocks in that it has its own laws, which give It an Indepen- 
deol element. 

Anaouncemeuts were made by Secretary Emmons, and the meeting 
adjourned at 1 o'clock until II o'clock a, u. Monday, August Slst. 
SESSION Oi' Aco. 81, 1891, 11:25 a. m. 

Prof. James Hall, Vice-President, in the chair. 

Anuouncemenls were made by Mr. 9. F. Emmons, Oeneraii Secretary. 

Subject for discussion: Msp-coloring and Cartography. 

Major J. W. Powell exhibited ch&rts Illustrating the color system used 
by the U. S. Geological Survey, explained the methods of using the colore, 
and gave tlie reasons fur them. The colors assigned to rocks of different 
ages are as follows: 

Piriod. Ptriod color. Hark. 

1. Neocene Orange N. 

S. Eocene Yellow E. 

3. Cretaceous Yellow-green K. 

4. JuraTriae Blue-green 

5. Carboniferous Blue C. 

6. Devonian Violet D. 

7. Silurian Purple 8. 

8. Cambrian Pink 

fl. Algonkian Red ...A. 

The colors are used to designate geologic periods, patterns of these 

colore designate formations ; miuor divisions are usually relegated to the 
text. The number of patterns for desiguating formations can l>e 
indefinitely enlarged, but follow a definite system. 

Mr. Joseph Wilcox showed that in the scheme descrllied by major 
Powell the colors were uot evenly distributed tlirongh the chroniatic 
jcale. 

Prof. C. R. Van Hise pointed out that Archwan rocks are shown by a 
brown underprint, and that m<-tamorphlc rocks of known age are given 
the color of the corresponding unaltered rocks. 

Major Powell expltdned that it was not attempted to select colors 
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eqnftlly distributed through the chromatic scale, but to use those that 
may be most readilj' recognized. 

Hr. H. H. Cadell asked why black and gray were Dot used. 

Major Powell replied that blue was used In place of the dark shades 
for the CarbonlferouH ; that dark colors are misleadlug In regard to the 
occurrence of coal, which occurs In the Cretaceous and Tertiary as well 
as In the Carboniferous. 

Mr. Chrtette found the black color very inconvenient because It often 
made the details of the map covered by such colors Illegible. 

Hr. H- M. Cadell said that the maps of the Geological Surrey of Great 
Britain were colored by hand, aftd that the system used by the I'. S. 
Geological Survey could not for this reason be economically employed. 

Major Powell explained that the U, 8. Survey system Is very econom- 
ical when the color patterns are transferred to stones. 

Prof. T. McK. Hughes thought it very ditflcult to devise a scheme that 
will meet the demands of everyone. Some reference must be had to the 
permanence of the colors, the reBdinees with which they caa be applied, 
and the distinctneBs with which they show what Is desired. He thinks 
the Attest scheme must survive. 

Mr. 8. F. Emmons made announcements. 

On modon of major Powell, the progcam for the afternoon wa» 
changed so that the geology of the country to tie traversed by the long 
excursion might be brielly described by those the most familiar with It. 

Adjourned till 2:30 P. M. 

On re-assembling at 3:80 P. M,, Prof. Le Conte in the chair, brief 
lectures were given by Prof, Cbamberlln, Mr. Gilben. major Powell, and 
Mr. Emmons upon the geology of the country to be traversed by the long 
ezcuraton. 

Adjourned at 4:40 P.M. 

Ae may I>e seen from the foregoing, the C'ongresii was ocoiii>ied 
with the problems proposed fur discussion b}' ttie Cominittee of 
Urbanization, as was announced in the Oeolooist (Vol. VJII. p. 
62 ), but there wns an apparent lack of orderly preparation and 
of consistent succession in the procee^lings from day to (^ny. 
For instance, the topic which was ex]>ectetl, according to the pro- 
gram announced l)y the Committee of Organization, to come lutt, 
wa« called up theyii»f ihiitg lliejirtt day, and parties who might 
have wished to participate in the discussion were thereby pre- 
vented, or were obliged to offer their facts undigested and per- 
haps unarranged, or without the graphic illustrations which they 
otherwise would have employ«l. It was (inite evident, also, that 
some of the gentlemen who le<1 in the discussion of the daily 
topics were compelled to do so on too short notice. It might l»e 
well for future Committees of Organization to naaume more 
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liioroagh direction of the doings of the Congress, as least so far 
as to see that parties are at hand with well prepared papers to 
bring the topics of discaasion fnlly before the Congress. It is 
manifest that each new "Bureau " elected after the session opens, 
is in no degeee prepared to provide for this necessary guidance of 
the deliberations of the Congress. It isaprecaution which ought to 
be taken several months, or perhaps several years, before the Con- 
gress convenes. The practice of national "nomenclature re- 
ports," which in this case might have been correlation reports, 
from the countries participating in the Congress, but which was 
apparently not attempted and not encouraged by the American 
organizing committee, would certainly 8ul»erve this purpose per- 
fectly. This woald be more likely to be satisfactory, being more 
"democratic," than that plan which was entered upon by the 
English organizing committee in re the crj-stalline schists. That 
committee solicited contributions from individuals on that specific 
topic. While this resulted in the production of a number of 
learned and verj' valuable contributions which grace the volume 
lately issued by the English committee, it cannot lie considered as 
the best way to promote harmony and to extend and perpetuate 
an interest in the Congress. If the Congress be in fact an "in- 
ternational " one, the various nationalities should iiave system- 
atized participation in its doings, and the organizing committee 
should be empowered and directed to take steps to facilitate such 
general participation. The late Congress passed olT with the sim- 
ple presentation, lai^ely or entirely, of some American views on 
American geology, followed by such desultory comment or dis- 
cussion as happened to spring up. If such a practice be perpet- 
uated in future sessions, the Congress will finally degenerate to 
an elementary' school of geology, wherein the ^-isiting geologists 
will leam the outlines and general principles of the geology of 
the countries where the separate sessions may be held, and it will 
be a question of a short time, a very short time, whether the use- 
fulness and the purposes of the Congress, as set forth by the 
founders, be not so far lost sight of or so remotely subserved 
that the sessions had better be discontinued. 

The next session will be at Berne, Switzerland, and we wish to 
appeal to the intelligent geologists of that little republic, to early 
take measures to make the next session a truly "international " 
and representative one. 
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The ComaneAe terUt of the Texnt-Arkmuai region. By Robert T. Hiu.. 
BuUetlD, Geological Society ot Amerlo^ vol. 11, pp, 503-6S8; Hay 5, 1891. 
Tbe loUa area of tbe Conumche series Is stated to extend from western 
Arbaueaa tbrougb southeni Indl&o Territory to the meridian of QT°80, 
thence southwud and aouthwestnrard across Texas to New Heilco. a 
distance of more than 1,000 miles, and then southward Indellaltely Into 
Mexico. The series, as studied by Hr, Hill In central Texas and north- 
ward, U made up of eleven terranes, classed under three diviBioDe In 
ascending order, as follows: A. The Trinity dlTlslon, comprieing 1. 
Trinity or basal sands, which Dr. C. A. White provisionally regards as 
the base of tbe North American lower Cretaceous; and 2. The Olen 
Rose or alternating beds, consisting of abundantly fossiliferous magne- 
sian limestones, fine sand, chalk, and almost pure crystalline limestone. 
B. The Fredericlcsburg or Comanche Peak dlrision, comprising 8. The 
Paluxy sands, about 100 feet thick, containing no fossils excepting 
slUcifled wood; 4. Tbe Orffpkaii rock and Walnut clays, the former 
belug a stratum 10 to 50 feet thick, composed entirely of tbe shells of a 
small Oryphira, and the latter being associated clay marls which enclose 
myriads of Exoggra terana Roemer; B. Tbe Comanche Peak chalk, 
about 100 feet tblck, rlcb in many species of fossils; 6. Tb« Caprina 
llmestoae of Sbumard, an Indurated cbalk, 80 to 40 feet thick, preserved 
as the capstone of many buttes, mesas, and plateaus; and 7. The Oood- 
land limestone, apparently an equivalent of tbe last two. C. Tbe 
Washita or Indian Territory division, comprising S. The Klamitia clays 
or Sckloenbufhia beds, so named from their characteristic AmmoDltes; 9., 
The Duck Creek chalk, about 100 feet in thickness, composed of crumbl- 
lug chalky limestone and marls, with a unique fauna; 10. The Fort 
Worth limestone, which with tbe last was described by Harcou at Fort 
Washita as typical Neocomlan; and 11. Tbe Denlson beds, made up of 
sandy clays and occasional limestones, Exiigj/ra arietina being the 
charecteristlc fossil of the clays. At Denlson and throughout northern 
Texas, these beds are unconformably overl^n by the Dakota sandstone, 
the base of the upper Cretaceous series which is so widely developed on 
the plains farther north. 

f-'arboniferoiufoMiltfrofii Ne\rfoiindiand. By Sir J. William Dawson. 
Bulletin, G. ». A., vol. 11, pp. 539-^40, with two plates; Hay 27, 1801. 
The plants described or catalogued with anootatlon in this paper are 
from St. George's bay, in western Newfoundland, the most noteworthy 
species betag /-eptrioriendron murrayanvm, nearly like L. diJUmente of 
Nova Scotia. The strata are similar to those ot the coal formation of 
Cape Breton, and have a total thickness of probably 11 000 feet. Accord' 
iug to Mr. James P. Howiey, now director of the Oeological Survey of 
Newfoundland, they contain six beds of coal, ranging from fourteen 
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Inches to eight feet in thicknegfl, three of them having over fout feet of 
good coal, ftppftrently & free- burning bltumlaous variety, reBembllug that 
of the Cape Breton minea. 

A praponfd ty»rm of chTcnwU'gi'^ cirlagrapAg on n phytiogniphie b<i»i». 
By pTealdent T. C. Chambbblin. With The gtoiof/iail datt* ^ origin of 
rertaia topograpkir foniu on Uir AtUiiUie nlope of the Unittd .Slatft. By 
William Morris Davis. Bulletin, O. 8. A., vol. il, pp. S41-544, and 545-' 
586, with six figures in the text; July 2, 1801. Increasing attention has 
been given during recent years to topographic forms as time indlcea and 
means of geologic correlation. President Chamberlin therefore pro- 
poses a cartographic Hystem, In which plains shall t>e represented by 
lines, and slopes by dotted Burfaces, both to be put on in colors varying 
according to the geologic date of these topographic forms. The direc- 
tion of the agency by which they were produced may also be shown. 
Thus, a fluTlal plain will be indicated by arrowB (without feathers) 
pointing In the direction of the current, while a lacustral plain will be 
mapped by parallel lines headed with arrows-points on the margin shore 
erosion by waves having been the most characteristic agency in its pro- 
duction. In the case of subaerial plaine or peneplains, parallel lines 
will be used without arrow-heads. To distinguish lietween a plain and 
a peneplain, which may be (luite rolling and yet clearly determinable,. 
conUnuouB lines may be used for the former and broken lines for the 
latter. 

Professor Davis recognizes a Cretaceous peneplain In southern New 
England, New York, New Jersey, and southward, into which the rivers 
of the Atlantic slope have cut brood and deep valleys during the 
Tertiary era. The Hudson river, for example, is shown to have excavated 
the whole gap lietween the CatskiU and Berlishlre plateaus since the 
early Tertiary uplifting of this peneplain. The level crests of the 
Appalachaln ranges are remnants of the Cretaceous base-level. Into which 
streams have channeled the great intervening valleys during Tertlarj' 
and Quaternary time ; but the White mount^na of New Hampshire and 
the Black mountains of North Carolina liave existed, constantly under- 
going denudation, from much earlier dates. 

Vari'itiiini' in the d'reUiceoa* iinil Terli'nrj/ ttnita of Alnbuimi. By 
Dakiel W, Lanudos, Jr. Bulletin, O. 8. A, vol. 11, pp, 587-606, with 
one plate ; July 8, 18111. This paper presents detailed descriptions and 
sections observed during the boat Journeys down the Tomblgbee, Tusca- 
loosa, and Alabama rivers, with which the sections exposed farther east 
by the Conecuh, Pea, and Chattahoochee rivers are compared. Special 
attention Is directed to variations In the strata on account of different 
conditions of sedlmentatlon.to faunal changeB,and to unconformities due 
to the total absence eastward of formations that are well deSned in the 
western part of the state. On the Tomblgbee the Cretaceous beds measure 
about 2,->W feet in thickness, and the Eocene about 1,655 feet ; while on 
the Chattahoochee these are reduced respectively to about l,i40 and 
1,145 feet. 
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BilUlin of tlu Geological Soeietg of Americn, Proeeedingt of the third 
annnid meeting, hdd at WaMnglon Deember 29, 30 and 31, 1890. 3. J. 
STBVEHSOit, Becretuy. pp. Wfl-iBSi ; Auguat 7, 1B91. Besides a record 
of the order of preawtetton of tba vftrloua papen which have beea 
Beparately printed by the Society and already reviewed In this and 
preceding numbers of the Gkologiot, six ehurt papers are here printed 
in abstract orfuUy, as follows: Ontheoccurrenceof Megalimj/i j^trtoni la 
central Ohio, by Edward Orton ; On the family Orthidn of the Brachlo- 
poda, by James Hall ; On a jointed earth auger for geological explor- 
ation in soft deposits, bj N. H. Darton ; On the occurrenceof diamonds 
in Wisconsin, and on the occurrence of flre opal In a basalt In 
Waehingtou state, by Oeorge Frederick Kunz ; and A fallen forest and 
peat layer underljing aqueous deposits In Delaware, t^ Hllborne T. 
Cresson. The first annual report of the committee on photographs 
^ves the Utles, with descriptive notes, dt 393 photographs received 
b; the Society in 1890, of which 31 were donated by Prof. J. P. 
Kemp of Ithaca, N. Y.; 289 by the U. 8. Geol. Survey, through the 
director, ma]or J. W. Powell ; and 8 by Prof. W. B. Dwlgbt of Pough- 
keepsle, N. T. 

Arkantai Oeoiogiail Sareey, 3. C. Brasher, state geologist; Annual 
report for 1890, Vol. 1, Manganete, it* u*et, ore* and deposit*, R A. P. 
pRtinosx. Octavo, 642 pp., geological map. Little Rock, 1861. 

This volume is a nluable one for the manganese industry in Arkansas, 
and secondarily for all who make use of manganese. It gives an account 
of the early and modem uses of manganese, and brings out vividly the 
remarkable recent increase of its mining and manufacture (In aplegelel- 
sen and ferro- manganese) in the Unlt«d States. In 1876 the net 'tons 
produced were 7,882, in 1880 Sl,871. and In 1890 149,959 tons. The 
methods of use of manganese In the arts. Including Its alloy with iron 
In the Bessemer and Hadfleld processes of steel-making are fully de- 
scribed. Small amounts of manganese ore were mined in the United 
SUtes (Tennessee) aa early as 188T, but at the present Ume Virginia, 
Oeorgla and Arkansas produce over nine-tenths of the total output of 
North Ameri<». "The United States la the next largest producer of 
manganese ore in the worid, being second only to the Caucasus region 
of Russia." "England is the largest consumer of manganese In the 
worid, neing not only ita own production, but also 74,906 tons from out- 
ride sources. The United States is not only the second producer but 
the second largest consumer, using Its own production as well aa that of 
Cuba, and moat of that of Canada." 

All the various ores and minerals of manganese, together with their 
places and manner of occurrence, are described, embracing also ckemi- 
cal analyses. 

In Arkansas there are two manganese regions, one In the northeastern 
pari of the etate, known as the Batesville region, of which a detailed 
geological map is given, and the other in the southwestern part extend- 
ing from Pulaski coun^ through Polk county to the Indian Territory 



I .y Google _ 



262 The Ameriaiti Gi-ologist. October, lan 

border. Id the former occur nearly all the large and workable depoaita. 
TheoreBofthe Batesville region occur In aj residual claj, derived 
from the decay of a limestone which, according to Prof. H. S. Willlftms, 
occupies a position intermediate between the Trenton and tbe Niagara 
limestones. The ores ol the BouthweBtem part of tbe state are in 
novacuUte probably of Lower Silurian age, perhaps Trenton. Tbe ores 
in both regions are In the forms of the variouH oxides of the metal. 
These ores were mentioned by Owen and Coi, and Featberetonbough 
mentioned manganese in the southeastern part of the state, but it is 
only witliin a few years that there have been systematic working and 
descriptions of the deposits. 

Between the ore-bearing St. Clair limestone, which is of about the age 
of the Trenton, and tbe Boone chert which is a part of tbe lower Car- 
boniferouB, Is a curious clayey deposit which is partly the result of sur- 
face decay of tbe lower limestone, and partly apparently of the nature of 
eruptive ash. This bas been but partially Investigated, but It seems to 
be widespread, and points to a long land exposure in this region between 
the close of the Lower Silurian and the age of the Carboniferous Boone 
chert This had already been suggested by Dr. Branner from examina- 
tions iu the field. Like the Cincinaati anticlinal, therefore, tbls part of 
the country experienced an elevatioti, but not like that, this remained 
dry land through the upper Silurian and the Devonian, and was subee- 
quentiy again sunlc beneath tbe ocean. 

In the careful descripUon of tbe manner of occurence of tbe ore in 
the Batesville region is ample proof of the thoroughness and ability with 
which the investigation has been carried on. It Is a comparatively new 
field, and It has been most Eatlsfactorily worked. Tbe ore occurs In a 
clay 4hlch is the residuum of the SL Clair limestone. The or« was first 
In the limestone. Tbe decay of the rock, and the removal of the soluble 
part has concentrated tbe Ihsoluble, this embracing the ores — which, 
however, have to some extent been converted from carbonates. Tbls 
process of decay began after the last elevation of the region above the 
ocean and Is still going on. This residual clay has nothing to do with 
the layer of residuum which naturally Intervenes between the St. Clair 
limestone and the Boone cbert already mentioned, as to its age end 
stratigraphic relations, bowever closely they may be related genetic- 
ally. 

The report embraces a review of the manganese mines of tbe United 
States, with a view to comparison with those of Arkansse, for the pur- 
pose, evidently, of arriving at some conclusion as to the origin of the ore 
in tbe rock from which it Is now plainly derived by natural concentra- 
tion in «itv through slow decay. In tbe course of this review. Dr. 
Penrose describM, with more fullness and correctness than has ever been 
done before, the manner of the occurrence of the iron and manganese 
ores of Vermont, and their stratigraphic relations. In this be adopts 
the late conclusions of United States geological survey (by J, E, Wolff), 
that tbe associated rocks are of the age of the Lower Cambrian, or 
Tacooic of the region, as bas l>een claimed from the rime of Emmons 
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dll now, except bj those who reject the Taconlc ayateiu. He flnallj 
reachee the conclodon hat the ores (in particular the ore of mangSDeae, 
although the conclusion InvolTee that of iron because of their Intimate 
aSBOclation) were the result primarily of chemical precipitation In the 
ocean at the time of the formation of the roclte themselveH, and that the 
occAulc waten obtidned the manganeM prlEclpolly from the disintegra- 
tion of the older cr^talline rocks of the region. 

The report ll faultless in method and eiecution, and the value of Ita 
scientific conclusions, and of its accurate and conscientious descriptions 
of Arkansas localities cannot fall to t>e highly appreciated by the cltiEena 
of that state. It is, moreover, a real contribution to the geology of the 
country, and adds one more to the series of valuable results of the 
Arkansas survey. 



RECENT PUBLICATIONS. 

I. HUite iiad U'tttrnment Report*. 

GeoL Sur. of Missouri, Bulletin No. 5, contains; The age and origin of 
the crystalline rocks of Hlseouri, Erasmus Ilaworth; Notes on the clays 
and building stones of certain western-central counties tributary to Kan- 
sas City, Q. E. Ladd. 

Advance sheets from the I7th report of the Oeologic&i Survey of the 
State of Indiana; Pateontoiogy, S. A. Miller, 118 pp., 22 plates. 

GeoL Survey of Georgia, First report of Progress, 1890-91. J. W. 
Spencer. 

Bulletin No. SO, U. 8. Survey. Correlation papers, Devonian and Car- 
boniferous, Henry S. Williams. 

Second annual report of the Geological Survey of Texas, E. T. Bum- 
ble, contains, besides the report of the state geologist, the following 
papers: Reporle on the Iron ore district of East Texas; Carlwniferous 
cepholopods, A. Hyatt; Report on the geology of nonhnestera Texas, 
W. F. Cummins; Report on the geology and mineral resources of the 
central mineral region of Texas, Theo. B. Comstock; Report on the 
geology and mineral resources of Trans-Pecoa Texas, W. H. Von 
Streeruwitz. 

II. Procetding* of Scientific fincietiei. 

Trans. N. Y. Acad. Sciences. Feb-Msrch, contains: The man of Spy, 
or newly discovered paleolithic skeletons from the vicinity of Litge. 
Belgium. J.S.Newberry; The tin deposits of North Carolina. Jottn 
H. Furman. April to June: Amber, its history, occurrence and use, J. 
S. Newl>erry; Remarlts on recent discoveries in local Cretaceous and 
Quaternary geology, N. L. Britton; The Pipe-creek meteorite, A. K 

Jour. an. Soc Nat. Hist, July, IB&i, contains: On the age of the Pt. 
Pleasant, Obio, bedJt, Jos. F. James. 
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Appftlftcbla, Jul7, 18&I, coDt^DB: A cUsalflcatlon of mountain nnget 
according to their structure, origin and age, Wanea Upliam. 

Recent dlscDveriei l)earing oa tite anUqulty of man. G. P. Wrlgtit. 
(Bibliotliica Sacra, Apr., I8&1.) 

Description of a ekull of Utgalonj/x Isidyi, a. ap., Joaua Lindabl. 
(Am Phil. 8oc., Read Jan. 2, 1891.) 

III. Papers in Scientific Jourmih. 

Kansas City Scientist, July, contains: Some new species of echlno- 
dermata,R. R. Rowlej and Sid. J. Hare. August; Some new species of 
crinoids and blastoids, R. R. Rowley and Sid. J. Hare. 

Ottawa Naturalist, July, contains: Extinct Canadian Yertel>rates from 
the Miocene rucks of the Northwestern territories of Canada, H. M. 
Ami. 

American Naturalist, July, contains: A review of the "Discovery of 
the Cretaceous Mammalia," H. F. Osborn; Notes on Hesozolc mammalia, 
0. C. Harsh; The coming man, S. T. Clevenger; On the relations of 
Carettochelys, Ramsay G. Baur; on some new flshee from 8. Dakota, E. 
D. Cope. 

IV. ExcrrpU and indietdtial pubUtationa. 

On paramelaconite and the associated minerals, Geo. A. Koenig. 
(Proc Acad. Nat. Bci. Phil. April, 1991.) 

Geological Guide-book of the western excursion of the Fifth Interna- 
tional Congress of Geologists, S. F. Emmons, Svo. pp. 156, Washington. 

On an important boring through 2,000 feet of Trias, in eastern Penn- 
sylvania, J. P. Lesley. (Am. Phil. Soc. May 28, 18B1.) 

Manual of the paleontology of the Cincinnati group, Jos. F. James. 
(Jour. Cin. Soc Nat. Hist. Apr., 1891.) 

The development of a paleozoic poriferous coral, and Symmetrical 
cell development In the Favosltidee, Charles E. Beecber. (Trans. Conn. 
Acad., Vol. VIII, 1891.) 

The universalty of man's appearance luid primatlve man, Edward L. 
Anderaon. Svo. 28 pp. Edinburgh, 1891. Cincinnati, Robt Clarke & Co. 

On the Grapevllle gas-wells, J. P. Lesley. (Am. Phil. Soc. Apr. 27, 
1891.) 

Notes on Central-American Archteology and Ethnology, J. Crawford. 
(Bos. Soc. Nat Hist. Feb., 1891.) 

V. Foreign PvblicaCioni. 

Proc. and Trans, Nova Scotia Institute of Science, Vol. VII, Part 4, 
contains: Glacial Geology of Cape Breton, Honeymau; Geological 
Gleanings in Nova Scotia and Cape Breton, Honeyman; The Geological 
Writings of Rev. D. Honeyman, GHplu; The Devonian of Cape Breton, 
Gilpin; Surface Geology of the Pictou Coal Field, Poole; A Contribu- 
tion to the Theory of Earthquakes, Maury. 

Bui- Soc. Scl. Nat. d. I'ouest de la Fiance, Tome I, No, 1, conUdns: 
Etude du metamorpblsme aux environs de Nozay, Loire -luffrleure, 
Davy; Arch^n et le Cambrlen dans le Nord du Massif Breton et leurs 
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^uivftleats d«iB le Pays de Galles, Bigot; Bur la pt^aence du Car- 
boniftre en Bietagae, Lebescoatn; Sur un giaement carboniftre de I'^tage 
de VM reconnu & QuenOD, en Bftint Aubin-de-Luigu^, Bezier. 

Tome I, No, 2, coataina: Etude petrographique dea eclo^tea de la 
Lolre-lnKrleure, La Croli; 

ArchlT d. Ver. d. Freunde d. Naturgeachlchte in Mecklenburg, ISdO, 
contalne: XII. Bettrag zur Geolo^e Mecblenburgs, Geinitz; Ueber das 
angebUche Vorkommen 6e8cbieben dea Horandatelns In den nord- 
deutsclien DlhivialablaDgemngen, Natborat; Daa meteor von Erupelio, 
Geinitz; 

Fold. ESz. (Budapest). Vol. xxi. Noe. 4 and 5 contains: Awaruit, ein 
nlckeleisen- mineral, Szabo; BeitrAge zur Foraminiferen- fauna der 
AlttertlRren Bchlcbten von Fis-Ojor, Kocsts. 

Boletim da CommiBsao geiigraphica e geologlca do eatado de S. Paulo, 
No. T, contains : Notaa sobre zeolltas do augito-porpbyrito de 8. Paulo e 
Santa- Catharfna, Hussak. 

Cursu elementaru de Ueologia, de Gregoriu Stefanescu, pp. 256, 8vo, 
Bucbarest, 1890. 

A m&nual of the Geology of India, Part IV, Mineralogy (mainly non- 
economic), F. R. Mallet. Calcutta, 1887, pp. 179. Iloy Oct. 

Die landeakundllcbe Llteratur Ober de OroMherzogtnmer, BacbmaoD, 
OQstrow, IStJQ, pp. 511. 

Report of tbe luBpector of mines for North Wales and Isle of Wight, 
for 1890, C. hf. Neve Foster. Loudon, 1891. 

List of mines worked In 1800 in the British Islands, By the Inspectors 
of mines. 

Ueber den Sagrandit. H. Rosenbusch, (Neues Jabr, 1884.) 

Die Urvierftlssler ( Eotetrapoda) dea Sachsiscben Rotbliegenden, 
Hermann Credner. (Natur. Wochens. Beriio), 1891. 

Zur Aufi&SHUng des Grundgelilrges, H, Roeenhuech. (Neues Jahrb. 
Bd 11. 1389. Heidelberg.) 

Ueber Moncbiqait, eIn camptonttlsches Gangestein aus der Getolg- 
Bchaft der Elfiollthsyeniie. Hunter and Roienbuscb (Tscherroak's Mittb. 
Min. uad Pet. 1891.) 

Zur Auffaasuag derchemlsches Natur dea Grundgehirges, H. Rosen- 
busch. 1891. (Tschermak's Hlttbell. WIea.) 

An outline of Mr. Hellard Reade's Theory of the Origin of Mountain 
Ranges by sedimentary loading and cumulative recurrent expansion; 
in answer to recent criticisms. T, Mellard Reade. (Phil. Mag, June, 
1891 >, 



PERSONAL AND SCIENTIFIC NEWH. 

The Geological Map of Europe. "I received an invitation 
from Berlin signed by Bejrich and Hauchecome, to meet ttiem at 
Saltzbnrg (Austria) as a meml)er of tbe committee of tlie giolngi- 
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cai map n/ Europt, of which I have heard nothing tor three years. 
Besides the two Prussians Mojsisovics came from Austria, and 
Renevier from Switzerland, and nobody else of the committee. 
No one came from England, nor from France, nor Russia. Only 
Capellint joined me as an Italian friend. Nothing new worth noting 
was said or done, except that the announcement was made that 
veri) likeli/ihe first sheet of the map, scale 1, 500,000, will be 
issued l)efore the year is over." GioedIno, director of the geo- 
logical gurriy of Itii/y, Aug. 18. 

Washinoton tlNivERSiTy, St. Louis, has just chosen a science- 
Itred president, W, S. Chaplin, late professor of Engineering at 
Harvard University, 

Preservation op the qlaciat. qkooveb op Kelly's Island. 
Through the active interest and intereeasion of Prof. G. F. 
Wright, Mr. M. C. Younglove, president of the Kelly's Island 
Lime and Transport Company, has been empowered to deed to 
the Western Reserve Historical Society of Cleveland, a portion 
of the land on Kelly's island, "fifty feet wide and one hundred 
feet long," on which is preser^'ed a part of the remarkable ice- 
grooving, which was visited by an excursion of the American 
Association for the Advancement of Science at the Cleveland 
meeting in 18R8. These grooves are certainly the most remark- 
able ever discovered in this country, and they are to be preserved 
as an object lesson to future generations. Quarrying has 
already proceeded nearly all around this specimen, and soon the 
monument preserved will be a monument indeed ; the groove being 
left to cap a pedestal about thirty feet high, and conspicuous 
from every side. About one-half the surface will be cleared of 
del>ris, so as to show flftj- feet of the length of the groove, while 
the other half will remain as it is, Itcneath its protective covering 
of pebbles, gravel, sand, and mud, which acted aa the graving 
tools in the firm grasp of the ice. 

Originally a laq;e area of this glaciated surface was exposed to 
sight. But in the progress of work upon the extensive quarrj-, 
the latter part of it has been removed. What is left, however, 
is. ample for an object lesson. The portion of the groove pre- 
sened is thirty-three feet across, and the depth of the cut in the 
rock is seventeen feet )>elow the line extending from rim to rim. 
Originally there was probably here a small depression formed by 
preglacial water erosion into which the ice crowded the material 
which became its graving tool, and so the rasping and polishing 
went on in increasing degree, until this enormous furrow is the 
result. The groove, however, ia by no means simple, but pre- 
sents a series of corrugations merging into each other by beauti- 
ful cun'es. When exposed for a considerable length it will re- 
semble nothing else so mnch as acollection of prostrate Corinthian 
columns, lying side by side on a concave surface. 
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THE ATTITUDE OF THE EASTERN AND CENTRAL 

PORTIONS OF THE UNITED STATES DURING 

THE GLACIAL PERIOD.* 

Bv T. C. CmiiBEitt.in.MBdlwIi.Wt-. 

Aside from the inherent interest nliich lies in the ilet«riniiiatioii 
i(f liny general fact in g«)logy, u special interest attaches to the 
(letermi nation itt the attitude of the glaciated area during the ice 
invasions U'cnuue of its licnring upon their explanation. I pro- 
pose to discuss hypotheses of the cause of the glacial period in a 
separate paper; my present effort will l>e merely to st't fortii, 
somewhAt sytioptically. the leading phenomena, and the eoudiis- 
ionH ! draw, relative to the attitude of the eastern luid central 
portions of the I'niteti States <)uring that pericMl. The si<ecial 
data a|)pealt>4l t*> have lieen gatherwl chiefly liy the members of 
the glacial division of the I'nitwl States (ieological Sur\'ey, largely 
bv Mettsrs. Sali9l»ury. I.cverctt ami myself. 

I. Glmii-jiaKlal ilepoiiU of t/ir Imcri- Afiun'sti/ijii' rii/fei/. The 
mutt'rial of the lower Mississippi valley derived from glacial 
waters is divided into two sharply distinct classes; first and old- 
est, that which caps the bluffs of the Mississippi and mantles all 
the upland for .')» miles or more l>ack on the east and which 
iKrcupies the summit of Crowley's ridge that rises fnim the midst 
of the Mississippi lK>ttomH in Arkansas. The second division 
occupies the trench in which the present iMtttoms He and rises but 



I .y Google 



atf S Th^ AUi«rk-Ull Ih-dog'lHt. November, 1681 

little attove these Imttoms, if at all. and Ih diBtingulslialile from 
tbe modern fluvial itepositn witb difficulty. 

The deposits of the first or earlier class are wholly silts, so far a» 
determined by u». Uur special investigations have been chiefly 
confined to the 1 5(1 miles next l)elow the drift liorder, but they have 
reached, in a less consecutive way, to MiHsissippi and Louisiana. 
After careful and protracted search, renewed on siioceaaive sea- 
sons, we have entirely failed to find any coarse drift connected 
with glaeio- flu vial formations that lie ulK>ve the bottom lands, al- 
though the area is great and tbe exposure by gullying phenomenal. 
The -orange sands and gravels" which underlie the glacio- flu vial 
silts are non-glacial in character and seem to us to l« demon- 
strably pre-glacial. At any rate, the almeiice of glacial pebbles, 
and even glacial sand and silt, from them removes them from any 
need of special consideration in this connection, even if they l)e 
supposed to l)e contemporaneous with the earlier glacial stages, 
for the alisence of the glacial material may l)e taken as showing 
the incompetency of the upper Mississippi t<i liear such material 
southward at that time. 

Silts lieing then the oidy demonstrable representatives of the 
glacial pro<lnct8 l)ome south during the ealier stages of glaciit- 
tion, it is a ne<'essart- inference that the land from tbe lN>rder of 
the drift to the gulf was so flat and so low that only slow -moving. 
silt-l>enring currents were forme<l. The present current of the 
Mississippi is competent to curry ciwrse suud and small pebbles. 
Tbe currents of the earlier glacial period were therefore less com- 
petent and the country was flatter than n<»w, 

rcnicerning the glacio-fltivial deptmlts that lie iN-neatli the pres- 
ent river iK>ttoms. or lie so low as to be indistinguishable from 
the fluvial dei>oHitH of the present river, little of a positive natun- 
can I>e assci'ted. So fur as liuown from Isirings and other evi- 
<Ien<-eH. tliey are not notalily wwirse. To the nort.hwanl, in the 
glaciated region, they rise almve the [tresent river liottoms anil 
have Ikh-'u traced iinck to their origin, so that we know the ap- 
proximate attitude of the surface at tbe time that they were 
formed. They may then-fore be set aside here an<l iliscussed 
later. 

//. i'Ui;,:„„:n.i -;/* thv l)r!fl /iord'r. The nature of the drift 
l>order in the axis of the ^Mississippi basin, where it reaches 
fariherest south, is in itself signiflcant of tbe attitude of the sur- 
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face at the time of ite formation, if I interpret the phenomeua 
<H>rrectly. The drift docB not terminate in any well-defined 
moreinio ridge, such ati the ancient glaciers formed at several 
later atagen. On the c«>ntrar)'. the termination ia found in n 
(Fradual thinning out of the drift nnattended by atarkn of forci- 
l>le action on the part of the ice. The inference is therefore 
drawn that the ice crept out slowly upon a low slope, the gentle- 
ness of which accnuntH for the lack of vigonius action or forcilile 
heaping of material. 

This inference, which by itself might have Imt slight value, is 
supported liy the fact that the sheetu of till in this bonier region 
to a large extent graduate upwards into pebbleless clays and 
thence into loess-loams, or true loess, making It appear certain 
that slack drainage was a prevailing phenomenon. 

This is furthersupported by thealwence.iH general, of coarse wash 
from the edge of these outermost drift sheets. At some pointH 
near the edge, but more commonly at points remote from it. there 
are beds of gravel, often taking a lenticular form, hut these may 
be attributed to waters acting in channels in the ice or Iteneatli it. 
where by confinement and by the peculiar conditions of glacial 
drainage they were forced to a vigorous action which they lackixl 
when once they had issued fnim the Itorder of the ice. 

As a summary statement, it may lie asserted that the phenomena 
<)t the lM»rder drift in the Mississippi valley present e\'erywhere 
evidences of slack or slow drainage, with only such exceptions as 
may l>e rationally referred to enforee<l vigor through the immediate 
agency of the ice; and that there is nowhere evidence <if powerful 
or specially rapid currents of water such as must inevitably have 
issued from the glacial lH>rder, in the axis of the great Mississippi 
ttasin. had the slope of the surface 1)een at all r<msideralile. It 
ia therefore a firm and safe inference that at the time of the form- 
ation of the drift sheets that n>uch farthest southward there was 
no conHiderHl>le slo|>«- of the surface: not even ho much as riow 

III. The Smuorh CoHt-mrx ,„nl Si/l A/mmi nf tbv (H.irr 
Moi-aittni. In the axis of the .Mississippi basin on account of the 
planeness of the surface and the great extent to which the ice 
stretched forward, the successive glacial stag<>s are letter deploywl 
than in most regions east or west where later invasions overrtMle 
the territory of I'arlier ones and olHtoiired the phenomena. The 
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region ia therefore peculiftrly fitted to the inquirj' in hand. If 
we follow northward along the axis of the central ice-lobe in 
TllinDia,we encounter, within about one hundred miles of the drift 
lK>rder, a broad ridge of drift, identifiable as a marginal moraine; 
and farther to the northward, similar ridges representing later 
Mtages of glaciation. The first eight of these bear common 
characteristics, all signifieant of the attitude of the surface at the 
times they were formetl. They are all broad swells of gentle slope 
and smooth, though undulating, contours with the exception of a 
few local departures. They are not pushed into rough indented 
ridges, as is the fashiim with terminal moraines forced up by 
vigorous glacial action. They appear rather to l)e the submar- 
ginal accTimulations of a sheet of ice creeping gently down ujwn 
a plain of slight inclination. This interpretation, which in itself 
might be questioned, is supported by the significant fact that on 
the outer side of these moraines there are fringing belts of silt 
produced by the waters that crept over them while pressed on the 
inner side by tl)e ice. These Iwnlering silt-sheets terminate in 
iind on the moraines and reach out to varj'ing distances upon the 
plain to the southwanl. 

U would appear, therefore, that we have in these phenomena 
evidences that cannot l>e gainsaid, that during the several suc- 
cessive stages that these moraines represent the attitude of the 
couutr}' was low, and that the drainage was moiv slack than at 
the present time. 

IV. n.- }iHgy.-d Ji;,/ge» n,..l Cr.ni-.l Apmu, of tJ.f L<il<-r 
Moriiinex. The preee<ling phenomena represent the earlier and 
much the longer portion of the glacial period. But when, in 
coming northward along the Illinois rirer, we reach the moraine 
wliich rn)sse!t at Marseilles, and when, in ascending the Wabash 
river, we n'ach the moraine which crosses at Atticu, we find a 
iiotnl)le change in the (thenoinenn. Tlie moraine is nut only more 
rough in eontouranil rugged in constitution but is accompanied by 
much more abundant cvidencesof washand assortment in the form 
of gravel hills and gravel tracts. On the outsi<le of the moraine. 
inHtea<l of aprons of silt indic^iting <|uiet overwash, there are 
apn>ns of gravel indicating more vigorous overw:ish. These fring- 
ing gravel tracts gather themselves somewhat promptly into the 
leading river valleys and flow down these in the trenchea now oc- 
eupieil by these streams, which are cut into the older sheets of 
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drift. It is worthy of note tliat these trenches are cut through 
the older moraines and their overvftsb aprons of silt and are sunk 
down into them or lielow them. The later gravel- 1 learing floods 
ran at lower levels than the earlier silt-l)earing waters; a clear 
demoDstration of a change of attitude. It is clear from a study 
of these phenomena that at the time this moraine was formed the 
action of the ice was more forcihto and the drainage more 
vigorous. The glacial waters ran away from the whole margin of 
the ice with measiirealile precipitancy. Iiearing coarse materiid. 
They gathered into delinite channels previously cut in the older 
drift and ran along these at u rate which enal>lcd them to carry 
gravel and sand far down their courses. Here we have for the 
first time in the hist^try of glaciatiou. 3<i far as now worked out 
on this the most favorable line on the cimtinent for such study, au 
in<licfttion of an altitude nnci slope i)f the surface sufflciont t<) pro- 
duce vigorous drainage. 

The (juestion now liecomes pertinent, how vigorous ? How 
great a slope was indicated ? On the Illinois river, overwash 
was sufficiently strttng to spread out. on the outer side of the 
moraine, plains of gravel and sand of moderatedegreeof coarsene^H. 
Immediately next the moraine coblile stones of three inches in 
diameter are not uncommon. But only a few miles away from 
the muntine. even in the muin axis of the gravel stream, the 
material becomes predominantly sand, the gravel becoming Hue 
am) anboniinate. Xear Chiilicothe. for rea-sons not well under- 
stfMxl. the material is apmiu coarse l)Ut In-yond iH-comew chiefly 
sami On the Waliash similar facts pivsent thi'mselves. 
Within two or three miles of tlu' moniiue the deposit is chiefly 
fine gnivel and sand and maintains this constitutiim far down the 
stream. 

if I have corrt^lated the moi-iiines oirn-ctly. phenomena of the 
same kinil and occuring at the same date are founil on the Koek 
river, starting aliimt twenty miles north of the Wisnmsin line near 
Junesville; on the Wisconsin river in Sauk tsmnly. M'is., below 
its great bend ; on the Chippewii river a few miles nlM)\e Chippewa 
Kails; on the St. Croix river a few miles aluive its mouth; on the 
Mississippi river a shoit distance below St. Paul; uiid on the Oes 
Moines river, at the city of Des Moines., Similiar phenomena also 
occur on all of the important tributaries of the Ohio and tiie .Vtle- 
gbeny from eastern Indiana to northwestern Pennsylvania. In all 
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of tbeee the facts are essenttally the same; the wash was vigoroua 
near the ice-edge and became less strong southward. 

The slope of the glacial flood phiin has been determined ap- 
proximately in the most of these instances, and it is found that 
the descent was considerably more rapid than that of the present 
streams near the edge of the ice. but beyond that the descent was 
only slightly greater than that of the present streams. 
For instance, the terraces which represent the glacial flood plain 
on the upper Mississippi stand, at tl)e mouth of Chippewa river. 
al)ont I DO feet al>ove the present stream. At the latitude 
of the sonthern line of Wisconsin. 150 miles south, the 
terrace is scarcely 5(i feet high, indicating a slope of four inches 
U> the mile more than the present. Between St. [jouis and the 
southern extremity of Illinois the discrimination of the glacial 
flood plain from that of the present stream requires attention, 
as it only rises about 25 feet higher and is scarcely above the 
extreme reach <if intHlern floods. Below the mouth of the Ohio 
it is not certain whether the glacial flood products under con- 
sideration have l>een successfully distinguished from deposits 
fonped by the modem river. Declines of a similar nature are 
found on the Wisconsin, the Rock, the Illinois, the Wabash, the 
tributaries of the Allegheny and the Allegheny itself. Un the 
Little and (ireat Miamis Mr. Leverett has found that the glacial 
RcmhI plains descend less rapidly than the present streams. 

But before conclusions resj)ecting the slope of the geneml sur- 
face art- drawn, it is to l>e noted that all these glacial streams 
were ili-piiKlliiiif and not eroding, and that their ourreiits were not 
sufficient to enable tlieni to carry away the Iturden of material 
furnished to them, so that ttiey built up their 1>ottomH until 
sufficient slopi- was gitined. The deposits of gravel on these 
streams near th(- ice-margin, reiich in several instances, beyond 
101) feet in depth. The increased slope of the flood plain near 
tile moraine is obviously due to the greater h)ad of material and 
not lo any npwanl cur\'ature of the general surface. 

These l>eing the essential facts, judgment will perhH]>s ditfer 
as to the precise amount of slope which the general surface pre- 
sentetl at the glacial stage in question, but I think no one. who 
<luly considers the phenomena, will rauintain that the slope was 
veiy much greater than the pi-eseut. The existing streams are 
eroding their bottoms, even with their lower gradient, and the 
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glacial streamB must have been verj' greatly overloaded with 
detritus to have been depositing streams, to the extent I 
have indicated, if their slopes were notably greater than the pres- 
ent, especially in view of the greater volume of water which the 
streams then undoubtedly bore. 

V. Phenniofn'i of thf Latetl .Voraiuet. Within the out«r mo- 
raine which bears this overwash apron of gravel are other and later 
moraines which present like phenomena, but in no case are they 
more striking, except locally and narrowly, and in most cases the 
overwash and drainage phenomena are more feeble. The moraine 
next sacceeding is almost equally coarse and rugged in its develop- 
ment and is accompanied by almost equally coarse and abundant 
drainage drift, iu<Ucating the existence of alx>ut the same topo- 
graphic conditions; hut the later moraines generully display 
feebler drainage phenomena indicating a retiin) to the flatter con- 
dition of the earlier glacial epoch. 

Vf. Lririntriur rt»<l Manty I'lifnouifiui. Contemporaneous 
with some of these later moraines and extending thence down to 
the close of the glacial period there was a succession of glacial 
lakes occupying the north-sloping basins. The presence of these 
lakes, the attitude of their shon< lines and the position and char- 
acter of their dischat^es indicate tbat low elevation prevailed 
during the closing stages of the glacial pen<xl. The same fact is 
proved more conclusively by the marine deiHisits on the Atlantic 
coast which were con tempi >ranco us with the presence of the ice. 
The facW under this head are ti>o familiar to reciuh-e more tlian a 
passing rcfereuce here. 

In the sketch thus far. I have followed tlie phenomeuu of the 
Mississippi liiuin hecanse the drift is there deployed so advan> 
tageously and itecauue its indications seem so conclusive, but the 
phenomena on the Susquehanna anil Delaware rivers, as brought 
out by the studies <)f l^wis. MefJee. Salislmry and others, as 
well as our own. testify to a like general fact, though in far less 
detiiil. The ealier glacial deposits there, us in the ^lississippi 
valley, ap{)ear to liave l>een accompanie<l by less vigorous drain' 
age and to have l>eeu coincident with the snbinergeiice of the 
coast region. The later deposits were accompanied l>y somewhat 
more vigon>us drainage than the present, precisely as in the 
Mississippi valley, but the glacial streams were there also deposit- 
ing streams, and tiie phenomena do not seem to me to indic:tte 
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much greater slope of tlie general surface than the present, ixm- 
sibly no greater. 

In the (liBCUBsion thus far the ultHudi- of the surface has l>eeii 
considei-ed and a harmonious altitude has been as§ume«l as a 
necessary factor. Abstractly . it might lie hold that the whole 
region was lifted l>odily without disturbing its flat surface atti- 
tude, but the drainage at the edge of such a plateau, formed of 
erodable material, like that of the lower Mississippi region would 
speedily revolutionize the whole drainage phenomena and the 
topographic iisi>e<'t of the valley. It is utterly incredible that the 
silts that cover the west half of the static of Mississippi were 
depositee! at even their present hight by a stream Sfty. if not a 
hundred, miles wide. No such stream could exist on the brink of 
such a plateau of soft mat«rial. or. if once forme<], could main- 
tain itself for an appreciable fraction of the si It- depositing period. 
It is wiually increiHble that the l)rond trenchwi of the ^lississippi 
and its tributaries could have l>een formed under plateau con- 
conditions. The whole phenomena show that. low altitudes went 
with Hilt attitudes. 

VII. (/••1,1-i-trl roiidiixioKx. From this suncy. which lias 
UM-essarily lK<cn hasty and synoptical, since the details are multi- 
tudinouH to the last <l<^i;ree. I draw the following inferenc«s ; 

First. Thikt throughout all the earlier stages of glaciation thus 
far determined in the Mississippi lutsin. the attitude of the land 
wiu) lower aiul flatter than at present and the drainage slacker. 

SiK-ond. That during the earliest Htagc» of what I have l)een ac- 
customed to interpret as the later glaeia! eixK-h. tlie attitude of this 
regiitn was not far ditfereiit from the present; ixtssibly somewhat 
more clc\'ateH. and sloping somewhat more rapidly to the south, 
lint the gradient could not liave lieen vci-j- considerably greater 
than tile present. 

Third. That during the inter-ghicial epoch the attitude of the 
country whh such iis to permit erosive drainage to the depth of 
one hunilri-il or more feet below the present flood plains o^ the 
leitiling streams, but that the elevation of this peri<Kl was not ex- 
cessively great is inferred from the fact that the trenches so cut 
wei-e broiul an well us <leep. 

Fotiith. That tluriug the closing stages of the later glacial 
e|>och the nllitude of the country- was again flat. Ireing toward its 
close, inoi'e depi'esseil than at pri'scnt. 
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I invite attention to the fact that the area covered tiy these 
phenomena in broad luth in lougittide and latitude, and that it 
eovere the larger part of the territory that haa been critically 
studied with reference to anch determinations. This territory' is 
snffloient to constitute a large factor in any conclusions that can 
rationally be drawn rcsi>ecting the attitude and altitude of the 
general area of glaciation of nortlieastern North America during 
the Ice age. and this area is the grKil area of glaciation and must 
form the central ground u|K)n which the ultimate question of the 
oanse of the glacial period, and the relationship of the altitude of 
the land to that cause, must lie settled. 



AN OUTLINE OF MR. MELLARD READE'S THEORY 
OF THE ORIGIN OF MOUNTAIN-RANGES BY 
SEDIMENTARY LOADING AND CUMULA- 
TIVE RECURRENT EXPANSION, 

IN AX8WEK TO KECENT CRITICISMS. 

Fnini the I'hihnojihiful .Vngiiiini- for June, 1801. 
iNTROiircnoN. 

It is now four years since the "Origin of M( m nlain- Ranges ' 
was written, and during that time it has t)een Bubjectcd to consid- 
erable criticism by many able men in'varioiia parts of the glol)e. 
I have puriKJsely refrained hitherto fn>m answering any of the 
objectors to my theory, feeling that it would be better to wait 
and weigh them. It apjieurs t<) me now that most of the criti- 
cisms primarily spring fnmi an im]H>rf<-ot realization of its prin- 
ciples, scope, and details. 

The misconceptions no doubt largely arise from the 0(im[ilex 
nature of the problems anil the difficulty of keeping the various 
threads of the iirgnment unravellei). I'nder these circumstances, 
T have thought that the Ivest reply I can make is tv restate in a 
shorter manner the varions salient |)oints of my theory. Prob- 
ably, if I ha<l given the tlieorj- a name, and proi>crly christened 
my Imntling Iwfore sending it forth in the world to seek its for- 
tunes. I might have been save<] from pntcmal dilHcuttics. 

To pre\'ent further misconceptions. I now name my theory the 
"Origin of Mountain- Ranges by Sedimentary Loading and Cumu- 
lative Recurrent >3xpansiou, " 
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The outline here ^ven ie of the barest character, and for illim- 
trations, details, proofs, and qnaatitattve calculations I refer 
those who want to know more to the work itself, as also for thoee 
portions which deal with other theories, and are of a destmctive 
rather than constmctive nature. 



ClINWTlllN OF THE KaRTII!* InTEKIDR. 

The KaHh n Solid Sp/ifroid. 

The lateHt mathenuttjcal investigations go to prove that the 
earth, taken as a whole, is solid, having a rigidity between that of 
glass and steel. The facts uf physical geologj' are in accord with 
this view; for if the interior be wholly fluid, as some few contend, 
or if the nucleuH be solid and the exterior shell solid with a zone 
of molten matter between, as others assume, the explanations of 
the pbyHical conformation of the surface, its mountains and 
ocean-basins, liecome questions of dotation only. 

The crust of the earth would be like a sheet of ice. This fact 
seems to me never U> have l>een fully realized by those theorists 
who favor either of these views. 

The iViii-lfiiK ■>/ the Korth /j.«t».ci.i.fB a h!<fh Temfttr-ilan: 

There is such a general consensus of opinion that tbe earth at 
a ilepth of from 25 to HII miles below the surface is at a tempera- 
ture equal to that of molteh rock at the surface that it is unnec- 
essarj' for me to go over the arguments in favor of this widely 
prevalent view. If we assume that it is so, a very little calcula- 
tion will show that matter at the tleptli of say :10 miles is subject 
to an enormous pressure, to which we can find no parallel by ex- 
perimental methods at the surface. Thirty miles::^15H,400 feet; 
so that if we estimate that a column of the crust of the earth one 
inch square has a mean weight per foot of 1.5 pounds, the pres- 
sure at the depth of 8(1 miles will be in round numliers not less 
than -100 tons per square inch, or 14,400 tons per square foot. 
It has been proved by the experiments of the late Mr. Hopkins 
that there is in certain solids a relation Ix'tween the melting- 
point and the pressure; so that, if the rock at the depth of liO 
miles is at a temperature sufUcient to melt it under or<linary pres- 
sures at the surface, the additional pressure of 100 tons per 
!«)uare inch may solidify it by raising its melting-point, or at 
least render it plastic. If the pressure increase more rapidly 
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than the temperature ait the earth is penetrated, what may be 
only aemt-Holid at 'Mi miles may become rigid atgreater depths. 

These points, from their nature, are incapable of direct demon- 
stration, but possess a high degree of probability. 
Shell of fireuteil MohUitg. 

Although not accepting the hypothesis that there is a fluid zone 
under the earth's crust, it would follow from the preceding con- 
siderations that the shell occupying the space between the solid 
rigid crust and the compressed rigid nucleus would respond to 
changes of pressure or temperature more reaclily than either the 
cniBt or the nucleus. 

F.iOTH OF VUVHICAI- tlEOUMtV. 

All grtut MuHiil'iiii-Hilitge* "re roni[HI*r,l of i/ri-nf thir/fiientex uf 

Setlii»eiitiii-g iiHil iillier thpimllx. 

That all great mountain -ranges are c<imposed of great thick- 
nesses of sedimentary and volcanic deposits and igneous intru- 
sions is a fact admitting of demonstration. It is tme of the 
Alps, the Andes, the Himalayas', the Rocky mountains or North- 
American Cordillera, the Appalachians, the mountains of the 
Caucasus, and the I'rals. The '(juoition at once arises in the 
mind, '-Is this cause and effect?" If not. it is a coincidence 
somewhat in the nature of a miracle. If anyone example to the 
contrarj' eonid be quoted, the ai^nment of relation would lie 
weakened, certainly not disposed of, but, so far as present 
knowledge extends, not one can be found. 



*Mr. C. 9. Middlemise, in his extended criticisms un the "Origin of 
Mounts ia-RanBeH" (Meinolrs of the Geoloffical Survey of India, vol. 
x;civ, part 2: Physioal Geology of the Sab-lllmalaya of Oarhwiil sail 
Kumaun). calls in question this principle, thoiieh it is admitted by nearly 
all geologlBts since Dr. James Hall establlBhed the fact as reranlB the 
Appalachians in 18riT. Quoting my words in the "Origin," "It is Impos- 
sible to point to a range of inounlaint which has 1)een built up of old 
denuded rocks," he completely Diisinterprelg my meaning, which I had 
thouKbt was plain enough from the whole tenor of the work. To give 
an ilTuHtratlon in the form of a prediction, I aver that no mountain- 
range will ever l>e built up out of any portion of the present land-area 
of Europe unless, and until, a basin of deposition has been established, 
and a thick sedlntentary aeries <leposited thereon. The old rocks may 
then be forced up along with the new, and form a constituent part of 
such a range. Tafortunately, as regards the Himalaya, informulon Is 
meagre; but the granitic axes pointed to by Mr. MiddlemisH as forming 
the highest peaks of the Himalaya are juet what are rec|ulred by my 
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Sriliiaeiitary Drjtoititit out of tcbidi MuHiitain-RiiHge* hiive Irtfu 
l/uUl up extend ocrr VatI Ai-fnt. 

Tlie deposits out of whicb great moiin tain -ranges have beeu 
elaborated by foldings, intnisions. and up-heavals are not con- 
fined to the ranges and their immediate neigh1>orhood, but extend 
over vast areas. Speaking generally, modem geological investi- 
gation goes to prove that the thickest deposits lie, or hare Iain, 
towards the axes of the chains, though tbey may have Iteeu de- 
nuded from the actual axes*. Beyond the more folded and dis- 
tiirl>e<) portions of the chain which often, so far as the newer 
itediments are concerne<l, lie on the flanks, the strata take on 
more gentle cuiratHres until, as in the case of the I'rals. the Ap- 
palachians, and elsewhere where oliaervable. they liecome nearly 
horizontal, or only have dips due principally to faulting. 

The Tertiary and ("retaceons rocks extend from the Alps to the 
Caucasus and across the Me^literranean to the African coast, and 
may lie far l)eyon(i, as little is known of the geologj' of that pari 
of the continent. They reai>i)enr in the Himalayus. and may lie 



*Mr. Arthur Winslow, State Geologist ot Missouri, in a paper just 
published in the "Bull«tia" of the Geological Society of America, en- 
titled "The Oeotectonic and PhyBiographic Geology of fl^eBlern Arkan- 
sas'' (vol. ii. pp. 32r)-243),tias applied the principles eimDcIa.ted in the 
"Origin nt HouDtain- Ranges" to the explanation of an area Id the 
Westero part of the state triliutary to the Arkansas river, 100 miles long 
in an east and west direetion by fifty mileB broad in a north and south 
direction. It is shown in an admirably com-ise and clear manner that 
the system of parallel InterTocking anticliaeB and ayncliues having a 
general axial direction east and west is essentially Appalachian In char- 
acter; that the Carboniferous strata of which they are composed in- 
' crease in thickness from Missouri southwards Into Arkansas: that the 
lateral movement has lome from the South, and that the thickest strata 
are the most tie.ved. Mr. ^ViQBluw Shan's —a i>oint that I have strongly 
insisted upon as characteristic of anticlines —that these geological 
features are elongated canoenhaped domes having ijiiaiiua versa! dips. 
He considers that the expansion of the lower layers of rock produced 
by the rising of the Isogeotherms and their eoDsetjiient protrusion in the 
form of anticlinal cores has fractured the apices of the arches, and thus 
exposed the upper layers to energetic denudation. He infers also that 
the developed sections of siieh foldings are no measure of the original 
horizontal length of the l}eds— a principle I have strongly upheld, and 
which is being conceded by most geologists who have studied raouutain- 
structure. The district seems to be one in which the first principles of 
the dynamics of mountain- building can be well analy/.ed, aa there is not 
such a complexity of causes to tie considered and difu.-ouated as in the 
more colossal disturbances of the great mountain- ranges of the world. 
A few careful studies of mountain physiography such as this by geolo- 
gists who have the opportunity and are equipped with the ueceKsary 
physical knowledge would be of inlinile service. 
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coDtinuously coonected, though this hae not yet been proved. 
The same formations extend far to the eastward of the Rocky 
mouQtains and the Andes, and most probably to the westward 
under the Pacific ocean. 

The greatest ranges of the world have l>eea elatiorated in Cre- 
taceous or Tertiarj' times, and the connection l>etween sedimenta- 
tion and upheaval is here most striking. 

SeiUmenU out of ivkick Afoitttt.uH-Ii-ni^eg li-nx- lee,, el.ilw,-nt,;f were 
laid doirii in Bati„t or Ti-utighs formed hy the betiding of tl,r 
eurtb'g crutt. 

The thickness of the rocks, mostly conformable, composing 
some great mountain -ranges has l>een estimated by competent 
geologists at from eight to ten miles. The bulk of the rocks, as 
judged by their couHtitution, are usually consiileretl bj' geologists 
to largely indicate I'ither a moderate depth of water or actual 
shallow conditions. These rocks are intercalated with others ex- 
hibiting signs of a more oceanic origin. All the mountain- 
rangee mentione<) may be pointe<l to in illustration of this state- 
ment. There is thuij evidence that n^ionat fluctuations of level 
in the earth's crust have taken place on a lai^e scale often suc- 
ceeded by, as in the case of the Coal -meiksu res, continued down- 
ward subsidence combine<t with shallow-water couditions. 

It is evident, from these facts, that the great earth -troughs, 
iu which ihdae materials for mountain -buikling were accumulate! t. 
were in some cases, on the finni completion of sedimentation, 
double the depth of the deejiest known oceanic troughs, which do 
not reach more than five miles. 

Considering that there is a strong development of Cretaceous 
and Tertiary rocks extending along the western coast of North 
and South America, it is seen that these operations tiave there 
lieen carried on on an unusual Hcale. Deposit and alteration of 
level, elevation and subsidence, lint preponderantly subsidence, 
pri^essed for an immense length of geological time in these 
areas, occupying not a mean portion of the earths historj-. 

Tt is not, however, to be assumed that' this was a cimtinuoua 
trough at any one time, rather that it consisted of a series of con- 
nected tiasins which underwent independent changes of level, the 
area t>eing part of the time low-lying land interchanging with con- 
ditions of submergence. 
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ViAeatiic action often coutemporaiifOii* icitli the lagi'iiif-tltuni of 
imileriiih for Mauutain-hHt/iliiig. 
Contemporaneous intrueive sheets of volcanic rock are a coin- 
mon occurrence in some part of the sedimentary histor>' of a 
mountain -range. In acidition, it is frequently found that vol- 
canic ashes laid down in water, or subaerially, have a large de- 
velopment in rocks composing mountain -ranges; and necessarily, 
if these occur, dykes and volcanic rocks of the same age must 
exist in the foundation msterials of the range. 

Dynamical Prisciplks. 

Ever)' theory which has hitherto been proposed to account for 
the elevation of mountains and the folding of the stratified beds 
forming the earth's crust hinges fluslly on cluuiges of tempera- 
ture. Thus the tangential force generated in a rigid crust of low 
temperature by the cooling and shrinking of the earth's nuclena 
has Imh'u invoked to account for the crumpling of the crust into 
mou ntain- ranges ; the crumpled sbin of a dried apple being the 
stock illustration. In this case, the force called in is enntiunuu* 
contraction by loss of heat. The theorj' which I have elaborated 
is one dependent npon nUemntiiiHt of temperature in the crust, 
contraction and expansion both l>cing agents of uplift and lateral 
pressure. 

Am/im of D'-jmxilioH .md Loailhig of th'- >-<,r//,-it rnist. 

It has already l>een shown that the establishment of iMLsinii of 
deposition is the condition precedent to the building of a moun- 
taiu-range. There cun be no deposition if there Is not land-area 
enough either in the shape of continents, islands, or active vol- 
canic orifices, or all combined or successive, to yield the neces- 
sary sediment. This fnrthermoix- implies considerable stability 
<if conditions over lengttiened periods of time combined frith local 
mutations and changes of level, and, as I have, indicated, wc have 
the history of these mutations within the rocks of n range. The 
distribution of sediments is dependent upon the depth of the 
water surn>u]iding the land and the currents of the sea (when 
they are not laid liown in lakes or snbaerinlly by rivers): but, 
whatever the conformation of the coitst and sea-lnttom. a con- 
tinuous discharge' of sediment upon it must in time load it. and. 
as proved iiy the enormous thickness of rocks composing great 
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moiinttiiD -ranges, bend the cnixt l>elow tbe maximum depth of 
any oceanic depression. 

This necessary subsidence again insures the establishment of 
the hasin of deposition and its continuous existence. 

i>('«p/««'»teii( of malf<r in fAr S/ie// of Greiite»f Mohtlili/. 

Tf the matter in a shell of the earth between the nucleus and 
«nist is in the condition I have postulated, it is evident tiiat a 
lateral displacement of the matter of the shell must take place to 
some extent through weighting by sediment, and this will have it« 
«lfect in raising the levels of the earth h cnist surrounding the 
)iasin of deposition; but will not be an agent in mountain- 
Imilding. 

Moretmi'l of the Itoyeolhi-nn*. 

It is evident, from the variations in the rate of increase of 
temperature that exist in various localities as the crust is pene- 
trated, that tbe lines of equal temperature (isogeotherms) in the 
Mirth's crust ore 8ul>]ect to change, for it is not to l>e supposed 
that the temperature gradiente have remained in their existing re- 
lations for all time. 

It is also evident, ax first shown by Babln^e and Herschel, that 
the covering of any particular area of the earth with sediment 
will necesimrily raise the temperature of the oruat l)elow*. If. 
tiierefore. we assume a thickness of 10 miles of nediment to he 
laid down in a basin of deposition or earth-trough, and tbe rate 
of increase of temperature to )>e one in fifty, what were originally 
snrface-rocks possessing a surface- temperature determined by the 
climate of the lo<iality will lie raised in temperature over IjOOtt" 
Fahr., and eventually the whole of the underlying rocks of the 
earth's crust even lielow the shell of greatest change will be pro- 
portionately atfecteil. The 1 miles of overlying sediments under 
such conditions would be raised 1,00(1° Vuhr.. at the liase. tlimin- 
ishing to zero at the xurfaoe. 
Eff--rt» ;f Iht- rUr >.f Umf.rrat.irt .>„ fhr F<;i»ih,ti.,„ Rock-x. Ini- 
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The section of the crust of the earth weighted and heated at 
the same time will be subjerte<l to a gradually increasing com- 
pressive stresrt. S<i lung an the actual expansive force of the 
heated cnist is insufflcient to raise the weight of sediment l>eing 
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piled upon it, it will continue f> sink, though subject to vertiuat 
pulsations of level due to other causes, which it is not my object 
to treat of here. But there will eventually come a time when the 
. accumulated stresses of the expanding rocks will overcome the 
weight of sediment, and then the apbeaval, folding, and building 
of the mountain- chain will begin. But it is not to 'be supposed 
that the rise of temperature takes place with the mathematical 
precision described here for mere purposes of explanation*. I 
have shown that volcanic action often contributes to the founda- 
tion materials of a mountain -range, and that intrusive sheets and 
dykes penetrate the sediments, and ash beds are laid down before 
the initial movement tisheriiig in the birth of the range takes 
place. It is evident from this that there will be great variations 
of temperature taking place in the fotindatloii crust and the sedi- 
ments during their laying down. 

The whole series of rocks, volcanic and sedimentary, will form 
a complex which will lieaimultaneously, but differentially, affected 
l)y the folding and elevation when that liegiiis. 

l/alockiag the igm-oiit foi-ci-n of llif tiirlli. 

When once the elevation initiated only by piting-up of sedi- 
ment, the sinking of the cnist, and its consequent heating — 
otherwise by the rise of the isogeotherms^ — is established, a move- 
ment of the interior heated matter of the earth niiist take place 
towards the axis or axes of the range. This is pIo^'ed by the 
frotiuency of granitic cores in great mountain -ranges, by the vol- 
canic action accompanying tlieir elevation, and its persistence or 
recurrence in a range evfu late on in its history, as instanced l>y 

■Thia seemB a fruitful source of difflciilty with anme minds, beginniog 
with HopklDB and eadiog with Uutton, Fisher, ant) Middkmiss. Their 
positloQ seems to be this: If the rise of the iaogeotbenns into the new 
depoetts eventually wriukleB and lifts then), why does it not begin at 
once? Why, for instance, should not 100 feet in thickn»sa cause a rise, 
and if it does, huw can thick beds ever be deposited? But there are 
thick beds, so tbe alleged priiiiiiin ui-ibile never acts. (j.E.D. 

After Diaking, as I fondiy thought, full explanation of the iiimiu' 
operiindi, I never anticipated the establish nieot of what a sense of 
humour compels me to call another poiiM "tiii'inim. Even supposing the 
iaogeotherms rose as rapidly as the deposits were laid down, the deposits 
could not be lifted uotil auttlcient force accuiiialated to overcome the 
gravitation. But in a sinking area, as I have pointed out, if there be 
anything it) the principle Invoked, the presumption is that the isogeo- 
tlierms are in process of sinking also, and It may take a lengthened 
jieriod of sedimentation before they begin as a series to move upwards. 

There are many other possible conditioning causes. A practical 
mechanical mind should soon see through this imaginary d I the ulty. 
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the AntteH, Rix-kies, anil the mountAina of the CnucasnN, where 
volcanic cones aurmoiint ttome of the highest granltit^ peuka, show- 
ing that these are the linra of least reaiatance through which the 
interier foreea of the earth expend themaelreH. 

Umting of the nn-kn of tht MouHlain-Riiag): reein-mil niiil i-i>»- 
ffanf/g ifwirfd </urin(f it* hitluri/. 

It is thus aeen that the heated interior matter of the earth it* 
conatantly lieing drawn towards and injected into the constituent 
framework of a mountain -range. When once the elevation of 
the aediments eoiiaolidated into rocky matter in the earth-trough 
heginx through the inflnence of lateral pressure and the expand- 
ing masa beneath, a reduction of preaaure and increase of volume 
takes place in the underlying fused nwk. The compressive 
Ktrettses of the rigid rock are partially relievetl by folding and 
upward flow, and the temperature of the moHS falls. Additional 
fused matter has been drawn from the interior, and in process of 
time the riicks of the range l>egin t^aiii to rise in temperature. 
Such fluctuations of temperature are wet) shown in the intermit- 
tent character of volcanic action. After a great outflow of lava, 
a volcano is ijuiescent, sometimes for centuries. It ha» lost so 
much matter and 140 much heat. Iiut the forces accumulate 
during the time of quiescence to burst forth with renewed vigor. 
Such .intermittent activity .1 conceive is what takes place on a 
larger scale in the liistorA' of a mountain -range, but with greater 
time-inten'als. 

D'/i>nmi.nl Effort „n tin' -triitu of f/ip eritl hg lihf of 
TriupemtHrr. 

The effect of a rise of temperature on the rooks of the earth is, 
excepting in the ciuse of unconsolidated clays, to increase their 
bnlk. From a great number of experimeats made by me <m 
sandstone, slate, limestone, and marble, I have estimated the co- 
ciBcient of expansion of average rock at 2.75 feet lineal per mile 
for every rise of 1(10° I'ahr. : but there is everj' rea.'toii to believe 
that the coefficient of expansion rises at higher tem]»>raturf^ than 
those at which my experiments were conducted. It has been 
urfied by some of my critics that I have not allowed for the com- 
pression of the sediments filling the earth-trough into denser 
masses, but have credited all the expansion to mountain -building*. 
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It hug )>een Dverlookinl that T havf alrently explained that the 
weif^ht of the masii alone will, b}' contpresitive extenaioo. cotiiioli- 
(late the beclii below )iy reducing their thickneaa. Also the {lena«;r 
>te<linicntiiry rockn are often denser only hy infiltration. Thia ia 
particiiliirly the case with aantiatunes. where the converaion into 
the flani atage of quartzite j.s by the deposit of aecondary allien 
in the int«ra|)acea of the gmina. not l>y condenaution. 

Clays contract on heating: lint, according to my views, the 
contraction of such beds in an earth-trongli will l>e vertical only, 
by reason of the auperimpuse<l weight, A stage of metamor- 
pbism ia at least arrived at, as we see in clay-slate, when the ma- 
teriala of that rock, originally clay, ttecome metamorpboaetl ao as 
to behave like other rocks, and expand with a riae of teniperatnre. 

Kven if these criticisms i>osseas mnch force, they tio not apply 
to the rocky crnst of the eartli already consolidatetl forming the 
earth-trough in which the sediments are laid down. There will 
>)e little or no loss by condensation in them, only straining or 
change of form. It is obvious that deep-seate<l rucks must l*e 
so compres-sed by simple gravitation, that lateral preasun* will 
have little effect in further condensing them. 

limirrriit rj-juintioH rumiihtlire in i'(« effei-lt. 

If a given area of the cniat of the earth is raised in temiieia- 
tnre, when the limit uf elasticity is reached the surplus material 
must Im- iliaposed of by a ehangi' of form: it will riae in the line 
of leaat resi«tanee. 

Assume that the surplus due to the oubicnl expan.nion of a 
horizontal sheet is thrown into a ridge, and that then a fall of 
temperature takes place to the same extent The material ridged 
uj) can never l>c drawn back again: it liocomes a |>ermanent feat- 
urt- of the eikrth's surface. The contraction must l>e aatiafied in 
another way, either by breaking up into blocks, faulting and snti- 
sidence extending through its sul>8tancc, or by vertical contrac- 
tion alone, and the lengthening of the IhhIs by compressive extvii- 
aion due to the weight of suiierimi>os{>d materials. Proltably 
iMth these principles generally come into operation together in 
nature. The earth is Imund to retain its solidity in whatever way 
that may be satisfied. If a rise of teiuiienitun.- then Hucee«l8. 
the effect will be as U-fore, and deformatiiiu will result, its h>eaUty 
being determined by the Hue of least reaiatanei'. 

In the case of a niountuiii-runge it will lake place along or 
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parallel to ite nxia, and the ranjie will receive another accesaion 
of bulk. 

ThiiB we see that the effect of alternntion of temperature 
in the earth's cnist leading to the establish meut of motintain- 
chains is cumulati^'e. This cumulative effect of Humll alterna- 
tions of temperature may be seen iu the ridging-up of any old 
lead gutter, leail flat, or lead-lined liath or sink. It ban been 
likened to a -rachet" movement, which i» uot an inapt illustra- 
tion if taken with the ueeessary qualiflcatioiis. 

EFFErxa OK CONTRACTION. XORJIAI, FAI'LTINQ. 

Normal faults, that is faults that hade to the downthrow, an^ 
the result of contraction, and are jxwterior to the first plica- 
tion. Any section of a mountain- ran j^e traversed by normal 
faults shows the folds sheared in a way that proves this. Xor- 
mal faulting is, however, most prevalent iu the less disturbed 
strata that flank ii range. The mountain -range pushed up liy 
suceesstve lateral thrusts or recurrent expaiuions acting over a 
great length of time and the folds thrown hack and further com- 
pressed by the cores of gneiss and granite intruded into them, 
becomes a solid mass which omuot be drawu l>ack by contra^-tion. 
Contraction therefore has its maximum effect on the more hori- 
zontal deposits that flank the range, and extend for considerable 
distances on either side. 

As the crust of the earth must remain solid, the i^ndition is 
satisfied by shearing ami wedging-up by gravitation, —otherwise 
tiY normal faulting. Contraction of igneous masses lieneuth may 
induce this faulting in some cases, but it is uot a necessary condi- 
tion. Cubical contraction of the solid crust is sufflcient. 
An»}rcr» to 'ome ohjn-twiit. 

The object of this outline of my theorj" is to f(K!Us its salient 
points, as many of my critics for some reason or other have faile<l 
to grasp them. What they eritcise is frecpieutly not my theorv, 
but some rather vague notion ealletl the ^ ■Hersehet-Babliage" 
theory. What is exactly covered by this description I have a 
difficulty in aseertnining. On the other hand, one writer calls 
Mr. 0. Fisher's theory, with which mine has no analogj", the 
'■Herschel-Babbage' theory. I trust I shall give no offence l)y 
repudiating this labelling and claiming the theory as my own. 

Neither IlenK-hel, Scroi«', nor Babbage ever advanced so fur as 
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to el«l)orate what could Iw justly called a tlieorj- of Mountaiu- 
biiilding. They gave to the world some fruitful suggestions, and 
iiciite JVflsoning tberoon. vhich have l>een of eonsiderable use to 
a sucoession of speculators iu geological physics, and to myself 
among the r«rt*. One of the most frec|nently ui^;ed objections 
to my theory is the supposed Inadequacy of expnnsion by rise of 
temperature to account for the excessive folding some monntaiD- 
chnins have undergtme, linear expansion only Iteing considered. 
)fy reply to this is that even linear expansion alone places at our 
dist>osa1 more lateral movement than any other theon'. It is 
true that those sj)eculators who have invoked tangential thrust 
through the assumetl shrinking of the earths nucleus, have had 
jtt their command any amount of lateral movement their imagina- 
tion liked to draw ujfon. hence the simplicity and succesa of the 
theorj" — for a time. It has, however, h©en shown pretty clearly 
that the Imnk upon which these che<|iies have been ilrawn is one 
fit Tcry limitctl lialiilityt. and ignite unequal to honoring them. 

Prof. Hntton. in hiH very able addresii to Section C of the Mel- 
bourne meeting of the Australasian Association for the Advance- 
ment of Sciene**, gives an excellent reminf of the varions 
hypotheses that liave l>een sii^qtested U> account for monntain- 
building. T confidently appeal to his description to show that, 
omitting the theory of secular contraction of the earth's nucleus, 
which he disposes of ver^- effectually, none of the suggestions, 
theories, or. hyiM>theses excejtl the one T Hup|H>rt provides any 
Iat«ral movement other than that <bie to intrusions of molten 
rock. 

Prof. Tlutton. in his description of my theorj\ doubtless given 
fn the greatest gotnl faith, leaves out what are in niy view some of 
its vital and essential {lortions. I gave as an illustration the 
cubical expnmtiofi of an area of rock r)(lOxi>(iOx20 milcH, and 
showed that it wotdd. if raised 1,000° Fahr.. have an effective 
increase of bulk of 'Vi.VA't cubic milesj. Prof. Ilutton seems to 
assume tJ I at this is the Atpma and O)ll!o.^ of my theory— the 
licginnliig and the en<). T cannot lint think it strange that he 

■Until after my work wax publiihed I had read notblng of this but 
what was contained In LyeH's "PrlncipleB" and letters, and Babbage'a 
|iaper, lead before the Geological Society in 1834, nor had 1 read Scrope'i 
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shoiild titke this view, as une ot tbe flrat clia|)t«rHt details illus- 
trative ex|>erimeuts to give the reader the flret coiiceptiwu of re- 
cti rreot expoDsion. 

The fact in, that there in no limit tu the lateml movement pro- 
vided by recurrent expan^iuii, excepting the nntiiral limit of the 
numl>er ttn<l intensity of tlie Hiiccestiive changex of t^tmperatiu'i'. 

I can awmre Prof, Hntton that if I liad advanctnl no further 
than the single cnnstnictive conception of cubical expansidu an 
an agent in Mountain- Ituitding. iu itself original— ^r, at all 
events, not contained in tlie Ilentchel. ]labl)agi>, S^rop<'. or I^yell 
conceptions of the effects of expaiution on the earth's crust — the 
"Origin of Mountain -Kanfces" woulti never have iKien writtt-n. 
(.'usci.rsius. 

The object of this outline lieing to corrnot some prevalent mis- 
conceptions of my views, I have conline<l myself principally to 
restating in a shorter form the essential principb's of my theory 
of mountain -formation by sedimentary loading and cumulative 
recurrent expansion. For all the ilotails, pnK)fs, illustratioUN, 
and numerical calculationx I must, as before stuteil, refer thiM<- 
interested to the original work. Perhaps it maj' lead some who 
have already read the "Origin of Mountain- Rangers" to again read 
and recouHider it. when I trust the points T have touched on in 
this outline will add to its lucidity. IIoneKt criticism, even if 
severe, is one means of elucidating the truth. an<l T not only 
invite but welcome it. 



NOTES ON CAMBRIAN FAUNAS. 

H>' II. K. )f Airiivi. SI. Juhn, N>'w Bninxirk-k. 
1. Thr T<u<„iir F.iiiiKi i>f KiamoHg fompiir'ii irilh Viniil-iiiit 
horUvii* '</ till'. St. John (Inxip. 
In view of the discussions now going on or that tiave been held, 
in regard to the vexed questions of Taconic and Cambrian, a few 
wonls of comment on this long imperfect ly-undci-stood and little 
known fauna, may not be considere<l out of place from one who 
has been at work on the lower palteozoic w>cks of a neigblvir- 
ing region. 

Bmmons' originnl ty|Mw have at length Ixwn fully eluei<late<l, 
*/6(W. Chap. III. 
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and to them have bet-n nddeil mnny specieH from lA)wer Cnmbriun 
horizoiiH by viiriiiiis aiitlioro and especially of late by Mr. C. D. 
Walcott until we now tiave what sceniH to be a vei^' formidnlile 
array of sjiecies. Tbcite are all claaaetl tojfetber oa the "0l6U- 
elhiH fainiu", Imt there u)>petint to be room for u considerable im- 
provetDent on this funeral olaMsiBcation in the futnre, when the 
rchitionn of the different )iroup» of Htratn shall be l«tter under- 
stood. To the writer it iii}pearM that there are indications of more 
than one liori»t>n of life in tlie a.sseaiblage of forms that have 
been collectively (tefiiRnated the Olenclhis Fauna. This api)ears 
to me t<> Iw iiidicate<l by the fanna of Washington eoiinty. X. Y., 
the source of Kmmons' types, an<l ivhich has l)een recently 
atiidiwl by Mr. Waleott.* 

t'ntil lately, and in fact until Mr. Walcott undertook this es- 
ph>ratiuii, this fanna was so imperfectly known, that except as 
regnnls iHtarUn* ittup/imilvx no use c<iiild be made of Kmmons' 
discoveries for the exact comparison <)f faunas. 

It is true that Mr. S. W. FonI pronounced Aln/ui trilmeatuit a 
Conocoryphe, lint without a flgiire and without knowing the 
Hensc in wliich he used the name no definite advanti^re came 
therefrom. This tenn Conocoryphe had liecn so loosely used in 
Knglond and elsewhere that it had lost its generic value when 
eiirrtorily used. Mr. ^\'alc^^tt■s figures liowever enable us to see 
timt Afojm inHiii'tifii* is a true t'ouocoryphe. 

In taking up the most pn)minent genera of this Washington 
county area one may l>egin with 

Voui'Doryphe trilinenlii. t 

This species is of especial interest as combining the hea<1 of a 
Conoe<irii'phe with the pj'gidium of a Ctcnoeephalus. It is not 
a Ctenocc^phaluH howevei'. lieciinse th(- cliaracters of the head 
shield should receive the first consideration, and these make it 
a Conocoryplu'. As a ('onoeorii-phe it should have but fourteen 
to sixteen segments in the thorax: the seventeenth segment in 
this siHM'ies will repri-seiit the first segment of the pygidiuni of an 

*Fainia of Ilie Vpper Taconlc of FnimoDB in WsBhinjflon Co., N. Y. 
C. D. Walcott. Am. Jour. Sci. Vol. \n\iv, Sept., 1887. 

'''The author fully af^rees with Mr. Walcott that it would not be nige 
Qow to nttenii't to rcBtiire the name Atops for Cuaocoryphe bk it would 
upset the nomencinture of the latter ^'Dus, largely usei for more than 
forty j'ears, Atops wae not defined so aa to lie recognlKalilc, either at 
the lirst, or for many years afterwanl. 
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ordinary CoQocorypho in which this segment is anchjlosed in 
the pygidinm, and not free na represented in ^' triHnfttn. 

Wherever known (except in this district of Washington county) 
the home of the Conoooryphea is in the Lower Paratioxidcs beds. 
This is the case in the south ot France, in Spain, in Wnles, and even 
in Sweden. In this latter countrj' a species has been found in 
the Uppor Paratloxides binls, l)ut still the great swarms of these 
trilohitp* are fonnd in the lower beds. This is also strictly tlie 
case in the St. John ^ronp. 

Olenrlliii lUnpholtha.* 

The fact that this species is not intermingled at ain' locality 
with the Olenelli of Vermont, seems to me significant; and proba- 
bly HhowH that we are dealing with a fauna of a different horizon 
from that where 0. thumpKoni and 0. {M.) rcrmouti'inu occur. 
Had this specte« been fonnd in :i region distant from the two 
Vermont species, it might be regarded as a cotemporarj' r^ional 
variation of the type, but l>eing so near at band the prohablilities 
are in favour of a difference of age lietween the Olenelli of the 
two places. <>. nAnplioiil'f is the species whosi* development was 
so well shown by Mr. Ford, au<l liy him wimpared to that of 
Paradox ides. 

This species mIiown points of close reaemblance to those of 
the r,iOwer Panidoxides l:>eds. It is a composite of the characters 
of M. ilaimoni of the St. John group on M. Fiu-eiitrain)! Sweden. 
Dr, liinnarasou in his essay on the Ijower Paradoxides l)eds of 
Andrarum, gives a careful analysis of the layers which make up 
these Iwids, and of the fainios which they contain ; and it may l>e 
seen that .V! enrculrnit comes from beds which by the contained 
fauna correspond to the highest of our Div, ], c l>eds and the low- 
est of 1 , '/t. Thus the form :ipi)ears to have shown itself a little 



*Tliia Bpeclns was orlginaly dexcribed by Emmons m ElliptacephaCa 
timphoidet, and it appears to me now, that this name should have been 
retained; but I use the name by wJiich the species is commooly known. 
fFor the convenience of those not familiar with the series of faunaa 
found in the St. John group, the notation is given below: 
Division 1 (Acadian). 
<(. No fanaa known. 
h. Fauna with Acnuloa articephaluH. 
r. 1, Fauna Paradox, lamellatus, c. f. oelaadicua. 
e. S. Fauna Parado.<c. eteroiuicus c, f, rugulosus, 
d. Faona Parsdu.v, abeuacua c, f. leaglnl. 
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later iu Swetteii than in New Brunawtck (Canada), att M. damtoni 
characteri7.e8 the lover beds of Div. 1, c. But still the form in 
both countries is within the Lower Paradoxides beds. 

Mr. Wiilcott spealis of thin as a I#<>wer Cambrian (i. e. Para- 
doxides beds) type, and says it is related to L transorrtt (of the 
St. John group) and L Kiigiltalif (of the Menevian group). The 
resemblance to the St. John species, which ranges from Div. 1 h 
to J, is well marked. 

Ortbif »>ilfimrH»i-. 

This form may l>e compared with Oii/iisian pef/iro ntthf Par- 
adoxides beds of Spain, and with 0. (r. /.) liickti of the St. John 
group. The latter is found in IMv. 1, i-. i. 
Jieperditin deriimloidi'*. 

This agret?H in form with an un<IeMoribed species from Kv. 1 
b. 1 of the St. John group. 

Without going into the comparison of other ap*«5ie!t of the 
Washington county fauna, which also resemble forms of the 
Paradoxi<les lieds, it uppeare to the writer that those already 
mentioned prove a very close alliance between the Washington 
county fauna, and that at the iiase of the I'aradoxiilea Itedw; and 
hint at the probable cotemporaneous or nearly cotemiwraneou.s 
existence of the two faunaa; not in the same ai-ea perhaps, liul 
in districts not very far remote from each other. 

Ah already remarked the partial independence of the fauna 
with O. iif(ip/iiiideg fn>m that witli O. tlminpioai points to a dif- 
ference of age between them. Tb<«e are points which future 
investigation will determine. 

! the lieariug of these remarks on the age of the 



e. Upper Paradoxides beds, no fauna known. 
Division 2 (Johannianl. 

a. Agnoatua pislromiiB,* HUppoaed plftce of. 
ft. Fauna witli Lingulella starrl c. f. davldta. 
<*. Fauna with Lingulella radala c. f. lepis. 
DiviBion 8 {Bretonian). 

". Fftunft with I^rabolina splnulOHft. 
Ii. Fauna with Peltora scarabeoidea. 

f. FaucB with Dictyoneum tiabelllforme. 
f ( Black ahales— Fauna unknown. 

* ) Place of Trsmadoe (Ceratopyge) Faane. 
a. Fauna wltli Tetragraptus 6-liraDCbiatus, etc. 

•Agnoilw piUformH i. not (oiiml In tlie St. JuHii Bniin ImiI fur 
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Washington county fauna, one may tabulate the range of thi'' 
related species in the St. John group, us follows: 

DivrsroN 1 (Acadiak). 



Band. 


b. |c. 1. 


C.2. j a. 


OlenelluB asapboldea 
Microdeacles connexus 

Orthis salemenslH 




\ 





Thf aftlnitipM of tlle^^c• species are thus a« far iw one can nee 
with specicM of the I*ower Parailoxiiles l>«cls, U>tli American and 
Kuropeaii, but we may also not* th^ thore are nr) stpeoieit recog- 
nise<t at) iitentieal. This may be account«Ml for either by regional 
cUversity, or by a slight differenee of iijje. 



THE SOURCE OF THE MISSISSIPPI RIVER. 

J. V. Bnowiit. St. Pniil, Minn. 

Geographical (lise»verie« in the state of MinneHOta havinglKH-n 
erroneonsly i]nestionc<l and persistently misrepn-nented, the Min- 
nesota Historical Society and citizens cause<l a detailed hydro- 
graphic survey of the Itasca Itasin to l>e made, anil an exhaustive 
report thereon has l>eeu completed. Antedating the publication 
of the re|>ort, the following information is given in aclvauw, for 
the information of those who desire the j>eqietuntion of geo- 
graphic facts and the truth of history, tlic same liaving Iteeu 
called for by his ex<'elleney, the governor of the State, and duly 
report*"*!. 

[coi-v.l 

MiN.VKBOTA I[lSTOR[C.lL SOCIETlf, 

St. I'Aii, Feb. 19, 188ti. 
To J. V. Urovee, Si. J'litil, Hiioi. 

Sir: Reposing eB[iecial i;ODfldeDi'e In yonr abllltj', integrity and good 
judgment, the Mfnapsota Historical Society, together with otlii>r almilar 
socieUes who may unite witti us for this object, does hereby appoint and 
commtsaion yon to matcp a careful and acientiflc Hun'ey of lake Itasca 
anil its aurrouadlngB, with the riew of determiulDg, by a thorough ex- 
amination of the Bpot, and of all its pbyaical features, under all clrciim- 
atancea, what is the true and actual sonrce of the Hiseiasippi river. 

We therefore requeat you to select such a cOT\ys of aBSlstaots as you 
may need to properly carry on aueh aiirvny, and proceed to lake Itasca, 
prior to the opening of spring, to take the necessary observations with 
the above object. 
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Oq the completion of your survey you will pleaw make a report to 
of the reBult of your iovestlgstiona. 

On behalf of the HiuueBota Hiatorical Societj': 

TIekrt H. Sibi.ev, Prefidfot. 
[u H.] J, fLKTCUER Williams, Sf/reinrg. 



[con-.] 

State of Uiknksota, 

BxKCUTIVK DErABTHKNT. 
WiOiiim It. Mfrriiim, Oorrrnor of laid Slatf, I" J. Y. Sroirer, of Rnm»fj/ 
C'lijinlg, itendt greeting: 
ReposluK especial trust and <-onA<tence in your prudence, Integrity and 
alillity, I have appointed you, th% said J. V. Brower, as commleBloner of 
the Itasca State Park, pursuant to an act of the Legislature of tbls State, 
approved April 20, 1801. 

Vou are therefore by these presents appointed and comiuissioned 
comnilBsloner of the Itasca State Park, as aforesaid, to have and to hold 
the Aald oflice, together with all the rights, powers and emoluments to 
tlie said ofllce belonging or by law In anywise appert^nlng, unUI this 
cootmiHsioa sball be by nie or other lawful authority superseded or an- 
miUed, or expire by force or reason of any law of this State. 

In testimony whereof, I have hereunto set my name and 
eaused tlie Great Seal of the State of Minnesota to beaffixed 
at the oapitol, in the city of St. Paul, this fourth day of 
Hay, in the year of our Ijord one thousand eight hundred 
and ninety-one, and of the State the thirty-third. 
By the Governor, 

William R. Merhiam. 
F. P. Brows, 

[i.. s.] Sfnvt'irg of Hint': 



THE GOVERNOR'S RKQUKST, 
State of Misnebota, 

Executive Department, 

St. Paui^ Aug. 8, 181)1, 
Jlon. J. V. Broicer. Cnmmimiancr nf (Ac Iti'tM Nlate Pnrl; 460 Jnriton 
■<trvet, Cilg. 
^ir: Piibilcattons In the papers of the state have been made within 
a few, days past regarding the reputed discovery by a citizen of the 
State of New York of a new source of the Mississippi river, which he 
claims to have made in ISfll, and has since widely published his right to 
be considered as Its original discoverer, and causes changes to be made 
In the maps of our state In support of such discovery. 

Jly attention has twen called to these statements by cltl/ens interested 
In the truth and correctness of tlie geojcraphy of our state, and It Is de- 
i>lrable to have some deflolte and correct statement ofHcially made as to 
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the hjdrogTapblc and other features of tiie Itaeca bftsin, authorized by 
Ikw to t>e Bet apart as a public state park, galoed from a thorough 
phjslcsl knowledge of the same, to the end that facti regarding the 
ultimate source of the Mluisaippi river may be established and pub- 
lished for the benefit of the people of this state. 1 therefore request 
jou to report to this department any facta in your poBseselon which may 
be deemed pertinent to this question which has come to your knowledge 
as commissioner or otherwise. 

Yours respectfully, 

Willi AW It. Herriau, 

G(n:ernitr. 



THK COMMISSIONEH'S RKPOBT. 
Statk of Minnesota, Itabpa State 1'.* 

IONKR'H OfFICB. 



St. Pai:i.. Miss., .Vug, 13, IRitl. 
m* Krre/hniy, WHfium R. M.-rriam, Gorfntoi- of Mu.nesohi. 

Sm: 1 havK tho honor to acknowledge the receipt of your 
favor of the third instnnt, requeHtiiig me to reiiort to your <le- 
partmcnt niiy faotit in my poHHension, an commiMtloner of the 
Ttason State Park, or otherwise, dcHcriptivo of the hydrogmphic 
and other feivturo* of tlie Itaxoa l)n»iii, itiitliorized hy law to l)e 
!4et apart. aH a pulilic park, to tlie end that facts n^arding the 
ultimate aonrce of the MiHHiiMippi river may be estal)li»lie<) and 
pubtJHhed. 

During the yeiir IHWil, aa a xpecial coiiimiattionCT of the Miune- 
aota Historical Society, a po-ordinate l)rauch of the State govern- 
ment, 1 made a detaihnl hy<)rographic survey of the noiirce of 
onr great river, and formulated an exhuuMti\'e report thereon, 
which has not an yet been pniiliahed. 

From the 11el<) notes then taken, tlie corrcMpondeneo, and all 
examinationH and researches made, I have the honor to rej>ort the 
following facts for the use of the executive de]»artnient of Min- 
nesota. 

The drainage Imsiu of the MisniHsippi river extends from tlut 
gMlf of Mexico, at the month of the river, to an ultimate limit 
almre and beyond Itasea lake in this stati'. This great basin, 
more than l,O0O,00U s<|uan- miles in extent, is bordered on the 
eaxt by the Alleghany and other ranges, and cm the wt-st by the 
Rocky mountains, and contains alxuit 100,0(10 rivers and streams 
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which flow toward and flnally discharge their watens into tlie 
Miasisiiippi, principally through the months of the lat^r nnd 
more important conflwent and nfHiient tributary rivers. These 
watera are entirely supplied by the eopioiiH precipitation ehar- 
acte.ristic of the fertile basin <)rainetl from north to HOiith by tlie 
MiHaiHsippi, an its principal and mout imi>ortAnt river. 

Tr) follow the proper rule in ascertaining, under commiiution. 
the true and actual source of this principal river, for geographic 
puri>otKM, I «>nMnlteil European and American gec^raphers. 
scientists and aiithoriticN, gaining the following varied informn- 
tioii as to what constitnted the si>tirce of a river: 

'That the main stream of a river is tliat which flows along the 
lowest depression of the Itasin, and tliat a tributary whi<h de- 
scends into it from a higher elevation, even if longer, is not to 
l>e considered the main stretim. " 

"A river cannot have a source hut many sources." 
' -All onr rivet's have their source in the clouds. " 
(This authority dca-s not say that the clouds emanate from the 
ocf-jins of the earth, or whence came tin- oceans.) 
-'The head of the longest continuous channel.'' 
'The sources of a river which are in a right line with its 
mouth, particnlarly when they issue from a cardinal point and 
flow to the one directly opposite." 

Other authorities, some remot«s iiiid but a few reliable, sug' 
gest that the source must )>e a lake: must Ih' the largest lake; 
shonk) be the inner flanks of the hights of the lami surrounding 
it; should l>e the soun^, l>eeause it was next to the historic pass, 
by which one river had. from ancient timtis, been left to reach 
another; because it was furthest from the mouth of the syst<'m: 
because it led down to the axis of the general valley of the iMuin-. 
Iwcause it was at the heatl of the stream of largest volume: \>e- 
cause it wan geologically oldest, etc. 

This witlcrtpRwd variance of authorities, goo<l, l»ad an»i indiffer- 
ent, gave mo liut little comfort in an interesting geographic ami 
historic research, the source of n<) two principal rivers of Uie world 
beii]g alike, and I arbitrarily adopteil a reliable rale of h<) uucer- 
tiiinty. a rule of nature, in ascertaining where the waters were 
gathered which form the ultimate source of the Mississippi, aud 
for that puri>ose tiie length of the main river in statute milen. 
up through the vtdley of the basin, was attcertained from the 
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ofHciitl reconlH of thp I'nitwJ States government &tu\ otherwise, 
with the following result: 

From the gulf of Mexico, nt the HoutliTFeBt [lasB, up the chau- 

nelof the river to city of New Orleaui 111.00 

From citvot New Orleans to mouth of Ohio river 065^0 

From mouth of Ohio river to city of 8t. Louis 182.00 

From city or fit. I,oui8 to city of Bt. Paul 728.73 

From city of St. Paul to falls of St. Anthonv laOO 

From falls of St Antlionv to Wiuniblgoshlsh Iske 482.50 

From WiDDlbigoshlsh to range m west of fifth prioolpal me- 
ridian* 96.50 

From TBDge M west of nfUi principal moridlsn to foot of 

Itasca lalie n.S7 

Total S,IH«-'i3 

Thus it nppeitrecl thitt the m»in river of tlic ^litwiHsippi luwiii 
extends from the gulf of Mexico to the ItancH l>asin. a limiteil, 
permanent depresttion upon tlie surface of tlie enrth at the wlti- 
mnte source of the river. 

The (feolt^ic and natiinil featureti predicatiufi tliis cuucliiHion 
ore so well known and eHtabliaiietl that no reference to them 
seems uecesuarv in this eommnn lent ion, excftpting the possibility 
tliat the Missouri river, remotely siigfiested l>y occaKionnl in- 
ijtiintnt, might l)e called the main river; but inasmuch as it ia a 
eonfltieut branch of the main stream, coming in at one si4le, sim- 
ilar to the Ohio and Red rivers, 1 see no good reason for disciiH- 
Hing that question at this time, nor do I deem it necessary to fol- 
low the historic data, however interei^ting, which has brought to 
our notice and knowle<lge the existence of the main river extend- 
ing from the gulf to the Ttauca iHUtin, where it takes its rise, for 
there can l»e no well-founded disagreement as to that fact. l>e- 
t^tuse the discovery of the MiHttiseippi, by piecemeal, is co-ex- 
tensii'e with the dinoovery of the coast line of \orth America, 
and the facts are indisputable, in cimHe<nience of which I must 
Iwwe my reply to your executive communioAtion Hjwn the facta as 
they have been found to exist at and alwve Itasca lake, which lias 
be«-n for no many years recognized as the true source. To defin- 
itely determine those facts it became my official duty to ascertain 
whence came the waters of Ttnsca lake. This required a line of 
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levels ill the field with the following result, toiiscertuhi elevations 
above the sen: 

Gult of Mexico .' 0.0 

City of St. Louis, above the sea 384.8 

City of St. Paul (180.5 

Above falls of St. Autliooy (MinoeapollB) 782.0 

Below Pokegama Pallg 1,348 . 

WioDlbigoahlBb lake 1,303.8 

Cass lake 1,803-8 

ItaeciL lake 1.470.7 

The olflciitt r('i)orts of the I'nit«(l States government give the 
elevations to and including Cass lake, und an actual line of levels 
across the country from the railroad system of this state to Itasea 
lake, nin by me in lf<80, demoiisti-uted its actual elevation alx>ve 
the sea at its outlet. The railway levels connect with the govern- 
ment levels. 

With the distances and elevations thus ascei-tained, my survey 
of the ultimate source of the Mississippi river commenced in 
Slareh, 1 HK!), upon tlie frozen surface of Itasca lake, at the centre 
of the channel of the river, at its tlrhiiurhurc. from the extreme 
north eiul of tlie lake. 

' At a remote age the Itasca Iwsin was the lied of one lake, now 
extinct, which I deem it a privilege to designate as take Upham, 
and from this one lake, of unknown ages, by erosion, the waters 
pn)hab!y having l)cen jnci'ensed liy copious precipitation, cut tlieir 
way through the ice formation and alluviul stratum to a natural 
condition of the river Ixni, as it now exists, immediately lielow 
ItascH lake. This process of nature, the waters passing to lower 
levels, lias given us nearly one Imndred lakes and lakelets within 
the Itasca iiasiii, systematically divided apart, each of a different 
elevation, up the inner flanks of tlie Hauteur de Terre, surround- 
ing the whole, from the summits of which the waters are returned 
to the oceans, thitiugh Hudson's bay and the gulf of .Mexico, the 
Itasca Ihisui itself Ijeing aliout seven miles hmg and five in width, 
and sulisidinry to the main basin of the Mississippi. 

The formation of Itasca lake is n small Inxly of water at and 
around Schoolcraft Island. an<l three long, narrow arms projecting 
^one to the southeast, one to the southwest and one to the north 
—from the last of which the Mississippi [wisscs out from the lake. 
From the southeast and southwest extremities of the lake, pictnr- 
e8(iue valleys extend, denominate«i Miirj- valley ond Nicollet val- 
ley, lesiKK'tively. and up these valleys numerous lakes exist, each 
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ftt a bigUer elevation tut yoti pass up the respective vallej-H than 
the one l>elow, and each valley ia drained by a runuing atream of 
perennial fluwage, while at the Hide of the weut arm Klk lake ia 
situated, connected with Itasca by Klk creek. 

Lines of measurements and of levels were nin to and uptliroiigh 
each of these locnlities. 

The distances are as follows: 

Prom the outkt of Itasca to the extreme BOuCheaet point at the 

mouth or Marv creek 22,e;fll 

Up the channel of Mary creek to Haiy lake 8,V58 

Total 26,2fl7 

From the outlet of Itsaea to the extreme southwest point at the 

montli of Nicollet's Infant Hlsslsatppi l',&20 

Thence up the channel to Nicollet's middle lake tj.dl^t 

Total ,.. 2«,43U 

From the outlet of Itasca to the mouth of Boutwell creek 13,027 

Length of Boutwoll creek 8,700 

Total 23,327 

From the outlet of Itasca to the mouth of Elk creek 16,727 

Up the chanuel of Elk creek to Elk lake 1,100 

Total 17,»27 

These are the only streams entering Itasca lake worthy of any 
consideration. The volume of wuter, width, depth and flowuge of 
these several streams were carefully ascertained, and the lai^cat 
and most importtuit one, at all times they have been examineil Jty 
me, in 18HS. 1HK9 aud IHfll, is Nicollet's -'infant Mississippi 
river, ' which has been found to be the largent in volume of water 
and the larger and more important in everj' particular, with sev- 
eral perennial branches augmenting its prominence above the south- 
west limit of Itasca lake where it dischai^es its waters into the 
lowest in point of elevation of the several lakes there situated, 

-Selecting Marj' valley and Nicollet Talley as the two most remote 
water she<)s within the Mississippi basin, the ordinary rules of 
hy<lrc^raphy were ap]>lie{l, and it was found that JUary valley cou- 
tainet) the lesser ultimate reservoir and Nicollet valley the greater 
ultimate reservoir of tlie >liHsissippt system, each separate and 
distinct, drainc<l by natural surface Qowage. Then came the ap- 
plication of nature's common rule as to whence came the waters 
snpplying the streams draining these two ultirante water systems 
at the souree of the MlsHissippi. 
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It having l)een found that NicoHet valley contained the more 
important reservoir, supplying to Itasca lake the lar^r nod the 
h)nger volume of surface flowage. I l>^ your indulgence in a 
minute description of this most reraot« and ultimate system in the 
great Mississippi lutsin, sitiiateii within the state park. 

The perennial stream flowing down the inner flanks of the Hau- 
teur de Terre. to Itasca through Nicollet valley was discovered by 
Jean N. Nicollet in 1R36. At the point where its waters flow 
into Itasca lake it was forty feet in width and two feet in depth at 
the date of my survey. Narrowing as you ascend the stream, it 
becomes three feet in depth a short distance from Ititsca lake, with 
an increasetl current. 

Vassing up this interesting stream the explorer is impressed with 
its imjwrtanct: by its sharply defined banks, with its winding, me- 
andering channel, deeply cut down into the stratum to a sandy, 
gravelly bed, with every appearance and characteristic of the Mis- 
sissippi below Itasca hike. It has sandbars, sharp angles in its 
channel, deep and shallowing currents, and all the more striking 
features of a larger river. Large trees fourxl near its Ijanks incline 
toward the stream : a variety of fish, large and small, were found in 
its waters; the mink, otter and miiskrat abounded, and wild dncks 
of many Northern varieties were from time to time noticed in its 
channel. Trees have l>een felle<1 in several places across its Itanks 
to permit of passage on foot. I.^pon the removal of these trees, 
cajioes might be pn>pelUHl nearly two miles up this (trincipal chan- 
nel from Itasca lake. 

These are a portion of the characteristics of the stream, indicat- 
ing its i>ermaneucy and importance, and, wliat is true of no other 
stream within the state park, it has three affluent branches flowing 
in from the hights of land to the westward, which atigment its 
inipoitance and permanency above any other strejim found there. 

These are IVmaray creek, over one mile in length, Howard 
oreck, nearly (me mile in length, and Spring Ilidgc creek, each fed 
by numerous springs, shftri>ly indicating artesian pressure from 
the lakes higher up the flank of the Itasca moraine. At Nicollet's 
middle lake is found the northern limit of the greater ultimate 
reservoir, with the Mississippi river flowing ont from it toward 
Itasca lake. 

My lines of level and measurements were continued from this 
point up through the trongh of the reservoir to Nicollet's up{ier 
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Uke, nr (lftiil>tful exiitt^iice, to the Mittnissippi :^pringH, Floating 
M088 lake, Whipple lake, the Triplet lakes, Morrison lake and 
llernanilu De Soto lake, the last named being the most elevated 
and ditttuDt water from the jrwlf o( Mexico within the MiHsisaippi 
)>HHin. exclusive of watem emanatin)^ from the aummit of the 
Itook.v moiintainH at the source of the Missouri. 

Klevntions alwve the sesi at the greater nltimat^ i-esenoir are 

¥tft. 

Nicollet's lower lake !,«» 

Nicollet's middle lake 1,474 

NIcollet'8 upper lake 1,50» 

Misslsfltppi springs 1,IM8 

I-'tostioj; Mom lake 1,561 

Whipple lake 1,5B4 

The Triplet lakes l^m 

Morrison lake 1,571 

Hernando De Soto lake 1,571 

Summits of llanteur de Terre 1,670 

The snmmits of the Hauteur de Terre (hifcht of land), imme- 
rtiutely west of Hernando T>e Soto lake, divide the nitiniate waters 
of the Mittsissippi from those of the Se<l river of the North. 

The flret snrface flowage in the greater ultimate reservoir is a 
tiny Ijrook eonnwting Whipple lake with Fhwting Moss lake. 
Down the incline from Floating Moss lake the Mississippi springs 
send fortli a surface channel to Nicollet's upper lake, while three 
hundred feet west and twenty feet lower the channel again appears 
in a eontiiHums surface flowage to Ttasca lake, which is il,20(l 
feet to the norili. it might lie well to mention the fact that the 
head of Howard creek, a small and pictiiresc^ue little stream witli 
several miniature waterfalls, in connection witli the infant Mis- 
sissippi, constitutes the hHigest surface cliannel shown as follows: 

Vivl. Mllex. 

flult of Mexico to Itasc^a hike 2,54«..-.3 

Tlieaco to the muutli of Nicollet's Infant MhisUslppl. . lT,02lt 
Thence to head of Howard creek 11,12(1 



From Gulf to head of Howard creek S.fVlS.OS 

Other channel disUmces iire: 

M11e>. 

From the gull to tbe head of Marj- creek ^,561.50 

From the gulf to the head of Boiitwell creek 3,550 74 

From tlie gulf to tlie Elk lake 3,.14(t.flO 

From tbe gulf to the extreme limit of tbe greater ultimate 

reservoir it is 3,555.25 

From the gulf to the extreme limit of the lesser ultimate reser- 
voir It la 3,553.47 
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The ftivat river having now lxK.'n uctimHy meiutiirtHl in it)f entitv 
chnnnft len^rtb by connecting surveys, the distances given, for 
the first time, ore certainly more accurate than mere guess-work. 

Since the greater nltimate reservoir is the extreme limit of the 
Mississippi basin, and the largest, longest and most imi>ortnnt 
stream alxivc Itasca lake takes its rise therein as a perennial sur- 
face drainage, I have reixirted the same to the Historical Society 
as the iiltimute source of the Mississippi. 

ELK LAKE .\ND ITS I>1«(1IVERV. 

In 18315 scientist and astronomer Nicollet laid down KIk lake 
as an estuary of Itasca, hut since titat time tlie alluvial stratum 
at the outlet of Itasca has Ijeen diminished by the constant flow 
of the water current until the latter lake has receded from the 
former to n lower level, and the two lakes arc now connected by a 
short cretik. The original discovery of this creek and of Klk 
lake must l>e awanted to •luliiis Chamlx'rs, who, on the ninth of 
June, 1S72. while encamix>d on SclxHtlcraft island, explored the 
shor(.-s of Itasca, passeii np the channel of Klk creek in his canw 
to Klk lake, crossed to the southern shore ctf the lake. and. mak- 
ing a map of the lake, wrote; 

■■Here, then, is the source of the longest river in the world in 
a small lake, scarcely a ijuartei' of a mile in diameter, in the 
midst of a tloating )k^, the fonntiuns which %\ye birth to the 
Mississippi." He fonnd the lake much larger than he at first sup- 
posed. The world was notifietl by Mr. Chamlx'rs of his discovery 
in the columns of the New York llcrnld, page H, July «, IK72. 

Mr. Chambers then passed down the Mississippi, from ScIkm)!- 
craft ishtnd to the gulf of Mexico, in his chuih-. 

The next explorer to declare Elk lake the source was A. H. 
Siegfried, who. on the thirteenth day of July, 1879, reached the 
lake, and, taking a pliotograph of the same, declared it to he the 
"highest tributaPi' to the Mississippi," in the columns of the 
liOllisville Vonrhr Jmirnia. Aupilst. 1H7H. 

The lake and creek were also visittnl in 187^ by Rdwin S. Hall, 
in 1880 by O. K. Garrison, and in 1881 by Itev. J. A. Oilfillan. 
Whatever significance may attach to Klk lake as the source. Mr. 
Chamlx-rs must be awanled the honor of ti first and original dis- 
eovcrj', to the exchision of all others, except Indians, known in 
our history, and the name "Klk," officially promulgated by the 
authorities of the I'niteil States, is the projM'r and legitimate 
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name for this body of water, acquiesced in by legislative enact- 
ment, anil Elk creek takes ite name front tlie lake. No one of 
the several brookM flowing into Elk lake are of any grc^t import- 
ance, and nil of them were completely closed with ice in March, 
188!>, and all of them were dry in AugiiHt of the same year. 

(rcographic dincwveries at and al)ove Itasca lake prior to my 
survey in 1889, of aiitlientic record, worthy of consideration and 
belief, are as follows: 

WillUm MoraiMD, Brat of whltemen 1808 

H. R. Schoolcraft, Itasca lake 1832 

Jesn N. Nicollet, Five inlfiiB 188(1 

Julius Chftmbera.*Elk lake and creek 1872 

E. S. Hall, governmeDt survey IST.'i 

Hopewell (.'lark, special survey lS8fl 

Itasca lake is at the lowest depression of the bosiu and Hern- 
ando de Soto, Morrison and niimerons other lakes are at tlie sum- 
mit of the basin, and the water pr«.-!wnre from the lakes al>ovo 
Itasca, the whole being exclusively supplied by precipitation, 
causes a contributary inflow into Itasca lake, which is incrcnsed 
or decreased from time to time, uccordinp to the ([uantity of rain- 
fall or duration of drought, as either may prevail. 

One peculiar signifioiince is demonstrated by the fact that Itasca 
lake has a flood plain of but little more than three feet in eleva- 
tion al>ove the natural surface of the lake. The flood plains of 
the lakes higher up are tt^n, ftfteen and twenty feet. 'Thus, while 
Itaaoa lake is always supplletl and sometimes rises jluring dry 
weather, the lake^ at the summit <lry down rapidly to a lesser 
surface area, de[Hfnding upon rainfall -to resupply them. During 
the summer of ]8!I0, copious rainfall cutised lake (tiUM-^ t<> rise a 
foot or more aliove Klk lake, and KIk creek flowed into, instead 
of out from, Elk lake, the outflow of lake Pepin, through 
which the Mississippi tiikes its course, is controlled by the inflow, 
and lake Itasca presents u striking similarity. 

Tnfltiitesimal deductions are necessarily drawn, however, from 
ascertained facts in order to discover the location of the ultimate 
source. Itasca lake lies at the pit of the basin ami receives the 
water?) discharged into it from summits snrroundiiig it, which in 
return pass out into tiie channel Itelow, forming the main water 
eour>te of our country, to tlie gulf. Consefiuent inferences may 



(•Elk Uke nnd crwk, dNcovered by Mr. ChamberB In ISVi, are ranMltnled ol waten 
ermneonilf c1alRi»d (o hnvo iefu dlrci>cen<d in 1K8i by tbc prraon rBfcired tn In jimr 
cflinmunltalloD.) 
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therefure bo drown by tbose who still lielieve that Itaaca Uke is 
tlie wmree of the river, it Iwing situated at the pit of the lotreitt 
depression of the limited Itasra baain, but 1 knov it to lie a fact 
that there is a jn^ater ultimate resen'oir there at the summit, and 
it ooiiatitntcs the nltimate source. 

To ])rcvent nnHuthorize<l, erroneons and deceptive clianges in 
OHF state map, 1 suggest that a reiHon- of the historical and geo- 
graphical facta which led up to the final determination to locate 
the State I'ark iit the source of our great river l>e included in my 
forthcoming report, and then, by legialativi' enactment, prohil>it, 
within our own state, the illicit changes in the state map so asaid- 
iioiiHly peraisteil in from mercenary motivett. 

The law re<inireH me to report a detailed chart of the park, ant) 
topographic field notes for that purpose will Iw completed in due 
time. The map accompanying this paper is rciluced from that 
l>repiu'etl for the Minnesota Historical Society. 

Verj- res|>octfnUy your obe<licnt servant, 

J. V. Browkk. 

AUKENUIM, 

The Itasca State Farh contains thirty-flve square tniles, lacludea tlie 

territory- eho-Ka in the accompanying map, la aingularlj picturesque in 

nature's abundant scenery, high hills and sumnilts, pine and balsam 

fori^sts and deep takes prev^llng. 

The nomenclature, as far as completed, as directed by an order of tbe 
Minnesota State Historical Society upon a repoH; of it« committee, is as 
follows : 

Ojibway. 

The French translation. 

The English translation. 

From Ver-idTn-ftf-puL Schoolcraft. 

Named hy Lieutenant Allen. 

Named by Jean N. Nicollet. 



Omoskos (Elk) Soglagon (Lake), 

Lac La niche. 

Elk I^ke, 

Itasca Lake, - 

Schoolcraft Island, 

Infant Mississippi, - 

Nicollet's Lower I«ke, 

Nicollet's L'piwr lAki', 

Nicollet's Middle Ijike, 

Nicolleffl Valley, 

Bear Point, 

Turnbull Point, - 

Floating Bog Bay, - 

Ozawindib Point, 

(Jarrison Point, 

Rhode's Hill, 

Morrison Hill, 

Island Creek, 



After Nicollet 

.Named by Peter Turnbull. 
So called by residents. 
J. V. Brewer's i>8Tty, 1888. 
After Schoolcraft's guide. 
.\fter 0. E. Garrison. 
After D. C. Ithodes, photographer. 
After William Morrison. 
()p]>oslte Schoolcraft Island. 
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Mary Creek, \ 
MM-y Uke, 
M«rv Vallev, ) 
Elk Creek. 
Boutwell Creek, 
Crescent Springe, 
Elk Springs, - 
Elk Poo), 
Clarke Creek, 
Siegfried Creek, - 
Deniany Creek, 
Howard Creek, - 
Hississippi Spriogs, - 
The Twin Lakes, 
Danger Lake, 
Ako J^ake, 

Josephine Iiake, 
Sibilant Lake, - 
Clarke Ukc, - 
Little Elk I^ke, - 
Hail lAke, - 
Oroaeillier's I^ke, / 
Rullseon Lake, ) 
Floating Mobs Lake, 
Wliipple Lake, - 

The Triplet Lakes, ■ 
Morrison Lake, - 
Lake Remamlo de Suto, 



Aft«r Mary Turnbuil, now deoeased. 
She gave btrth to the Urst-boni ',of 
white parents at Itasca T^ke, 

Named by Committee. 

After »ev. W. T. Bontwell. 

Crescent shaped. 

Named by Coniniittec. 

Named by Committee. 

Aft«r Hopewell Clarke. 

Art«r A. H. Siegfried. 

After Morrison's daughter. 

After Si'lioolcraft's daughter. 

The Committee. 

The ('ommlttee. 

The Committee. 

After Accatilt. A companion'ofjllru 

J. V. Brower's i>arty, 18H8. 

Form of the letter 8, 

After Hopewell Clarke, by A. J. Hill. 

The CommitU'o. 

After Edwin S. Hall. 

After first of white men to discover 

the npper Mississippi. 
The Committee. 
By Rev. .1. A. Gillillau after Bishop 

Whipple. 
The Committee. 
After William JtnrriHon. 
In iionor of the discoverer of the 

MiseisHippi. 
Named by the Committee. 
Named by A. .7. HiU. 
After Lieiitenacit Allen. 
After Hennepin's comiiaulon. 



:- Named by J.V. Brower, CommiiBloner. 



Brower Island, 

Mikenna Lake, 

Allen Lake, 

The PU-ard I^ke, 

The lesser Ultimate Iteservoir, 

The fireater Ultimate Reservoir, 1 

Itasca lake was known as "Elk lake" prior to tiS!i2. Sun-eyor (ieneml 
J. H. Baker, for the United titates government, continued tlie name 
"Elk" to another lake in 1H70. 

The committee of ihe Historical Society was constituted as follows: 
Captain R. BUkeley, Hon. 1. V. D. Heard and Hon. Charles I). Elfelt. 

Upon submitting tUeir report of namcH xelecled, the report was adopted. 

The rule adopted by which to ascertain the source of the Mississippi 
proved most satisfactory and brouglit to the knowledge of the world the 
Greater Ultimate Iteservoir, heretofore unknown to e.\iKt as such, 
although a portion nf the lakes there situated have lieen known for many 
years, notably, Nicollet's lakes since IHaU, and other lakes since lM7.'i. 
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TLediscorer}- of Elk lake and creek wa«acconipl[B)ie<) in the follow- 

~ Jean N. Kicollet, in 1)^6, fouad what is now Elk lake, to be a |iart of 
Itagca lake, as sliona by hia map now of record at the city of Washing- 
ton, from which is taken the following: 



NK-WI.LET'S HOURCE ok the MISSISSIPPI. TRACED KUOM OFIflCIAT. RECORDS 
AT THE flTY OF WASHIMUTON. 

After the lowering of tlie rivi-r bed at the north end of lake Itasca 
since 188U, Klk Inke was left as waters gathered at one side, one foot 
higlierthaii hike Itasca, and after tJie process of nature had separated 
Iho two boilies of water and formed a short creek, of no great Importance, 
between the two, Mr. Julius Chamhcrs was the Ilrst to discover Elk lake 
and creek, and he decUred it to be "^he Source" of the SllsBlsBippi, July 
9, 1973, and to him must be awarded whatever honor Is due therefor. 

His niap,tBrstpublisheil by Ivison, Itlakemau, Taylor & Co., Is here- 
wltli rB])roduced, p. 305. 

The report made to the Minnesota Historical Society by its comm is- 
alonerwas referred l)Bck for the purpose of having; the same properly ed- 
ited for publication, and the same Is not yet published. When published, 
as Ik geogmphical and historical record, it will contain about forty-three 
fliaptcrs, the last tiiree of which am yet to be supplied, deBCrlptive of 
the formation of the Htate Park, and botanical and other observations. 

The fact that formerly one large lake, with Irays and islands and 
beaches, existed where now Is found the ecveraltaki's at the Itasca basin, 
is beyond the inference of a mere conjecture, antl to future explorers 
and geologists must be left the privilege and opportunity to locate its 
boundaries and determine its former importance; and until some further 
or more dellniie ai-tiun. It has been designated lake Upham by Prof, 
(ico. n, Alton and J. V. Brower. 
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Tlie inipOTtaDCe of Uip several atteama flowing into lake Itasca la 
leogtb, depth, width and Howage Is as foltows: 




I-IIAMUBU'a I>I8COTISRT. 

Firtt -Nicollet's Infant Mississippi river, also called by hliii the 
"Cradled Hercules." Date of discovery, 1880. 

Sewnrf —Mary creek. 

J'AfVrf— Elk creek. Discovered by Julius Chambers in 1873, when he 
declared it to be the MlBslssipjii river. 

FourUi — Bout well creek. 

/'i^— Island creek. 

.9tJ!(A— Creek at Floating Bog bay. 

Serenlh --Siiialt creek at extreme southwest point of Itasca lake. 
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fareful observers will note the importance o( the gre&ter trltlmate 
reoerroir, cont&lniug twenty or more ItUces, at an elevation above take 
Itasca. These lakex Impregnate tlie earth with n'&t«r and nnroerou^ 
flowing streams abound as a natural result, Itasca lake and Elk lake 
«ach drawing its supply from above with the following difference in 
peculiarity: Itasca lake receives all tlie waters flowing down from the 
summits, while Elk lake receiTes and discharges less than one-half. 
The creek); entering Elk lake are completely frozen in winter and have 
been found to t>e dry in summer. 



EVIDENCES OF A GLACIAL EPOCH IN NIC- 
ARAGUA*. 

K.r J. CHAwronu. Ihnagiia, N'U-arKicUH. 

Noiif of tbe mountain rangett in Xicaragiia rise to the ultitiide 
of the frost-line, and only four have jieakx whotte higheHt apexes 
are 6,500 (one 6,700) feet above the Pacific. The average alti- 
tude of the Cerros in thia country is alN>iit 2. BOO feet, and would 
not awaken a auRpicton that any of thexo muuntaioa had ever 
l>een deeply covered with ice. At the present time the night 
temperature on the summits of the (Vrro Peiia Blanca during the 
HeuDon when the trade winda are moving eaHtwanl. Im frequently 
as low as 12° Cent., and oceasioiially 8° ('ent. 

The weatfTii or lake region of Nicait^^iiu, the only part al)niit 
the geology of which an\-tbing i-cliahle has, until recently. It^ii 
known, appears to have lieen fi>rm«l of matprials ejected from 
volcanoes which were active during all i)f the Quateniary. and at 
leant parts of the Tertiary an<l of the Recent eiK>cht. 

But we find Piniit HgtcfKlrin and some other cold climate coni- 
fers, dwarfish or attaining me<lium niTAf, on Home of the highest 
mountains of northern Nicaragua, and retaining, with some mod- 
ifications, the distinctive features i>f their more northern types. 
In at least one valley of those Cerros is a lai^e deposit of the 
petrified Iwnes of Tertiarj', and proliably earlier i)eriod mammals 
and reptiles, as Eleplian, I'lfiln, Ma<Jiiiii'»lii':. etc., and across 
that valleyt, at the foot of u canon, are small hills, having long 

•The |>iib1luitloii of tliiH article, mflved in Hnnh InBt, ha» Imh'ii iinavuidal.ly ilelaied. 

tl have not found "Miocene saude." "Miocene gaatropods," nor other 
evidences of the Miocene In western Nicaragua, such as have been 
described by otbera as occurrlag there. See Proceedings of the Victoria 
Instltnte, I87fl. 

{The valley of Sehaco, lat. 13 40' N.. loii^. M.> 58' W. The petriAed 
bones are 50 to 100 feet beneath the surface, in sand and partly hardened 
aedlment. 
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connected rklgeH oomp<i!WMl. «> far iw i'xaniine<l, <if irrcftularly 
mixed angular and nninded nvcks of variontt Mizes. togetbcr with 
smooth and niugh-ed^ed pebbtett. clays anil nan<Is. 

Am wp look from thff valley of silicifled iNinen. oodmih tlio nn- 
assorted dejxMitii. up the canon, and alimfc the sideM of tiie 
mountains to the dwarfwi pine trees )irowing In'tween the rook* 
on the crest ()f the Cerroa, we are led to intjnire how an<l when 
thefie habitimts of a colder elimate were ItitnMlnced to this half 
temperate-, half tropical latitude, and when and how this <-Huon 
was exc-avatetl and the iinaHsorted deposits weiv formed only a few 
milea Iteyond its lower end. The facts wvm to indicate ii greatly 
increased elevation and ti much c<)lder climate at some former 
epoch. 

In IHHit and '!)0, dniiiig reconnaissanet- condnctetl for the 
jjovemment of Nicara^ia, the writer discovereil evidenees which, 
taken in connection with othera previ<nisly fliacovered, strongly 
indicate a Glacial ei>och in this country, synchronous with that of 
the li'niteil States an<l Canada. 

.■^ome of these evidences are here presented. 

On the top of the uionogenetic series of mountains known in 
various partH of its extent aa Cerro Valli. Cerro Jenotega, and 
CeTTO Peiia Blanca. following an irregularly sinuims line fr«>m 
about lat. IS" i5' X. and h)ng. 87° W. t<i al«out VA" :tO' N. and 
84° 55' W", are several mesas, the hii^est. hut not the highest, 
of which, is near the eastern termination of the series, and is 
named Mesa Turcos. The top of this mesa has an area of aliont 
twenty square miles of metamorphic roc^ks. granite or gneiss pre- 
dominating. itcrosH which, and ilivei^ng nearly at right angles, 
are three shallow valleys, each nltout one mile wide. They l>egin 
near the centre of the mesa and gradually widen and <lee|H-i) tilt 
they reach its nearly perjwndicnlar sides. One, which extendi* 
southeast wnr<). is the hydrt^raphic area for tlie lai^r numl>er of 

*Atl tbetie hearings are magaetie. This Tnountaio system is boiuIi of 
that supposed to l>e referred to Id Prestwich'B (leology, eilltioa of 188S, 
vol, 1. p. 294, and deBlgnate<l "No. 2-1, System of Segovia. Co»e<iuina 
and Cape Graeia-a-Dios." Coaeijuina is a volcano on a jioint of land 
which It lias formed that projects into the Paoitic ocean at the bay of 
Fonseca, and could never lla^■« formed part of the mountain syateni 
evidently referred to in the excellent work quoted. That sv^tem e.<>- 
tenda from lat. lit 22 N., and long. 87= Ty' W, mrlkr.iHirnnI toward the 
Gulf of Mexico and tenninnlesi about lat. 14 -W' N. and long. 84 Tvi , 
magnetic. 
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the beutl-ivater creeks of tht: Kio La Seibeta, wliotM- waters, 
ein|>t3'ing into the Rio Tooma, and thenee into the Rio Matagalpa, 
eater the Caribbean sea. Near the centre of this valley a canon 
Itegius fl)>ruptly and deepens as ne follow it for alwut three miles 
to the edge of the mesa, where it attains a depth of about 225 
feet. The canon is about 400 feet wide at top and sixty to sev- 
enty-five feet across its floor. The waters of a small creek, named 
Cbonieha* which rises at the heatl of the valley, rush down 
over N few small cascades and falls, near the almost precipitous 
head of the cafion, to two vertical falls of considerable bight. 
At the first of these, the water drops about forty feet into a basin 
perhaps ten feet in depth and a' hundred and fifty in breadth, 
formed in a flat granitic or gnelssic le<lge, and from this basin, 
through a channel about fifty feet long, a foot wide, and three 
incbeu deep, to the edge of the ledge, where it makes the second 
fall, or one of about 160 feet, into a basin in the metamorphic 
floor of the canon. Flowing thence southeastward ly, the stream 
(lesceiids rapidly, often over fails and cascades, through the nar- 
row rock-walled cafion, for about two miles, to a valley alongside 
of the Rio Seibeta. Along the sides of this canon are many 
strange and beautiful forms of smooth-face<l rocks, some pro- 
jecting their oval surfaces for a few feet at right angles to the 
face of the cafion and extending for several yards parallel with 
its direction, others carved out into long intt^;lioM. Above the 
falls and during the Aty season, the stream does not exceed two 
inches in depth by fifteen feet in widtli, and its hydrographic 
basin does not embrace over five square miles. In that part of 
the valley are found many nwutonuml masses of granite and 
striated and polished masses and lai^ flat loose rocks striated 
from oue and a half to two inches deep in lines parallel with the 
flow of the creek. 

Near the termination of the cafion in the lower or river valley, 
iin<l extending across the valley to the Rio Seil>etu. are several 
mounds and hills composed, so far as examinetl. of unstratified 
deposits of clays and sands coutaining rough and smooth-edged, 
lurgf and small rocks and pebbles, indiscriminately mingled. 

*Choineha, as I teamed from aome old Indiana of the Turcos and 
Amerriqtie tribea. Is the name of a goddess of the aborigines, now 
sometlmeB Invoked liy the very auiall remnant of theae once large Indian 
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From each hill there projects, in the (Ureotioii of the Rio StilK-ta, 
II ri(^^, apparently oompoMed o( the same materiatt) ax the hills*. 

Another valley exteuilH (.-astwardly from near the centre of 
>Ie8a Turcoa, and ia the hea<l of the hydn^japhie area, whoae 
wat«rH flow through the Kio Tiingla ("Princapiilka, " on the gen- 
erally consnltett Imt very inoorreet niapa, ImileyM. etc. , of this 
<^iintrj-) into the Caribbean sea. 

This valley alao hatt a canon cut out in it, the Htream oom- 
mencin^; in amall caacadeH that continue in aerieti for about two 
milea. i^ome of theae mrieK liave a fall of from three to twenty 
feet. This cailon is out down through rock for nearly two hun- 
dred an<l fifty feet l>efore entering an elevateil plain of oval- 
baclied rocky ridgea forme<l on the eastern houn<lary of tlio meaa. 
:^mooth oval-H)irface<) areaa and deeply atriated maaaea of rock 
are frequently viaible in and near the l>e<l of the Mmull stream 
which flowa tbrungh this valley and cafion. Only a few scattered 
hilla and ridgea, ttnt partially examined, were composed of un- 
assorted deposits of lM>uldeni, rock- fragments, sanil and clay, 
lint these, in aomc parts of the ridges, were ccmenteil together. 

The third shallow valley on Mesa Turcos is the head of the 
watershed of several creeks which flow northward and then north- 
eaatwanl ttirough Rii>s Bitkay and Segovia (''Wanx " or ■•Coco") 
into the Caribbean sea at Cape Gracias a Dios. At aljout a mile 
from ita head, it divides into two canons, in which, at short in- 
tervals, occur series of cascades. These cafions, like those pre- 
viously mentioned, continue to increase in depth anil width, hav- 
ing, where they leave the granite or gneiss and enter the highly 
ineline<l later strata, a de])th of about ]3i) feet, and thence deep- 
ening until several hundre<l feet deep before reaching the lower 
foot-hills. The width of each caiion, while in the granite, is at 
top alKint 200 feet, and across the Ijcd about forty feet, increas- 
ing locally Ui seventy or eighty. In the later formations, they 
widen rapidly, maintaining nearly per]>endicular walls, uiid their 
channels resolve into lai>yrinths of passage-ways tietween numer- 
ous oolumiiH and smooth- e<1ged Imulders some fifteen feet high, so 
intricate that, during an examination made, accompanied by two 
Indians, in one of thew^ labyrinths, several paasage-wayM were 
unsuccessfully attempted and much time was lost in trying to get 
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out of the pliice. Both cafionu. in their uortheiutterly I'xteiMioii. 
oliliqciely l>is«ct two "lixles,"' respectively eiffht antl twenty ■irtir 
feet wide, iif weutwurdly utrike, dipping at tui angle of alioiit 
Ho° (tnegnetii') north, and containing gold, sulphides, and arst*- 
nates in a gangtie of fragments of (|iiartr.. taloo-sLutea, chlorite 
alaten, iron-clay nlates. etc. ; the walls are dioritc and dialniHe. 
About one hundred miles to the nortbeutttward in a deiKwdt of 
colorccl nmrblra. intersected l»y the Kio Segovia. am\ aiiout the 
aanie distance east wanl and fjfte'cii miles north of the Indian vil- 
Ufte of \Vyh>-waH (on the Rio Tiingla). is the southeastern enil of 
the rich gold placers of Princapulka. terminated by a siualt 
cerro of Carboniferous limestone*. 

On the Pacific occau side of the dividing ruuge of Conliileras 
in Nicar»^ia. the mountains t«niiiaate in a lui^ meiui. name<) 
Totumbin, whose Mummit area (tmbrace-s alxnit nine square miles: 
and iicnntN this, from north to uoiith, is a shallow valley about 
two miles wide on which are exposed at »everal places latye luasseM 
of rock having smooth ri>umle<l surfaces, uiul measuring fifty t<> 
two hundreil feet long. Some of these masses are polishMl. 
Near the edge of this valley are numerous Sat. striatei) ))oulil(>r>> 
and loose striated rockM of IocaI origin. The most numenniM 
strie are parallel with the general direction of the valley. The 
locality of this mesa is a1)out lat. 12° 42' X. and long. M.l" ,»5' 
W. Its altitude above the Pacilieo<'e«n is:-t,261i feet, it is ooni- 
poscMl of giieiKs and other rocks of the I-loKoic wries — all meta- 
morphosed. On the maiyin of the summit-plane of this mesa 
are many peaks fifty to two liun<inMl feot higher than that plane 
and connected nearly oontitiuously by high ridges. On the inner 

*The generally su]>erlicial e.xamination of tliia Mesn Turcus, the val- 
leys at lie Bides and on Its top, ourt the deep canons, was not eitsily made. 
This locality is fully one hiindTi'il miles from any human renldenoe anil 
in a dense, pathless, niountidnoue forest. In the vallevs the vinen anil 
bushes were often so thick as to re^tuire cutting, step 03' step. Cons*- 
quentty we could take but very few tools, ropes, instruments, etc , witli 
us, and all onr pnivieions were carried on the liacks of Indians. The 
scenery (when twice only we found mountidii peaks with forests so 
thin that we could get a long wide vista) Is aliuust incomparably beauti- 
ful. In some places on the sides of the cerros and in tlie lower valleys, 
groves of tult, large mahogany, sapote, nispero, Spanish cedars, walnuts, 
and Ihiuldainbar trees, staitdhig as living columns encircled with vines. 
are covered with their own bilglit foliage, and with vines, mosses, and 
epipliyllous flowers; while at other places orchids and ferns and flonei^ 
ing plants or bushes, in great variety are niinierous and some of them 
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or talile-lami side of one of thtfw i)«iks, on the northwest mai^n of 
the mesa, there neHrly precipitously lupins a cafion in the {rneiits 
1 , 100 feot deep and nlmnt 1 . fiOll feet wide at top and fifty to one 
hiindre*) across its tisnally dry Ited. Near the hc«d of this canon 
anil al>out 320 feet Iwlow its rid(ie-like upper niat^in, is an oval- 
roofed cavern three \a\ sis feet high, ciptht to fourteen fe<'t wide, 
and extending; into the mcky side of tlie cailon in a direction |»er- 
peiidicnlar to tlie canon b axis for over two bnndrtnl feet. This is 
a iaccolite. having one of its ends broken or enxled otT and this 
'ipen end olwcnred liy h>oHe n>cks. Access to it down fi"om the 
lop of the mesa or up from the Isfttom of the cafion is very diffi- 
cult. This canon enters the inlley on the mesa alK>nt one mile 
from its soutliem margin and then descends in falls, cascades, 
.and rapids over the )ttee])ly incline<I side of the mountain to the 
valley of the Rio Veijo. For aliout the first two miles i>f its 
length, there is no water, save in tlie lirief rainy season. The 
small stream in the valley into which this cafion enters flows 
thntugh or <lown the Kio Veijo into lake Managua an<1 thence 
through lake Nicunigiia and the Rio San Juan del Nnrtf- into the 
Caritil>ean sea. thns forming in its route an arc of about two- 
thirds of a circle and of several hundred miles, instcud of flow- 
ing westward from the month of the Rio Veijo. through a flat 
conntrj-, into the Pacific ocean. At the lower end of this canon, 
as it enters the valley of the Rio Veijo, are numerous hilts and 
knolls, many of them having long connected ridges that extend 
far into the valley. Those examined, and pnibably all of them, 
are comi>ose<l of im^gularly mixed, iinstratifie<l rocks: clays, 
pi<l)ble8 and sands, cemented in some places liy iron oxides and 
elsewhere lint partly hardened. Across this valley, in a crescent 
forme<l by the Rh) Veijo, is the lai'ge <lepoHit of |H-trifl(Ml lN)nes 
of Oenowiic (and |N)ssi)>1y some of them >lcs<)ffl>ic) mtiminals iind 
reptilf-s previtmsly refemtl to in this pai>er. 

itetwecn the town of Ocotat and the village of Dcpilto. eight 
iiiil«s distant from each other, in the Department of \neve Seg- 
ovia, at alKtut lat. l!t° :■{")' X. and long. HO" .ind H2' W,. are 
found such a])]>arent evidences of glaciers' work', jis striated 

The Ute Thomas Belt, F. K. S., in his "NaturaliBt In Nicaragua," 
iecoud edition, declarea these to be moralneB luid couBiders theni iodis- 
|iutab1e evidences of & Ul&cial Kpoch here. When I made (he e^samina- 
tion of that locality 1 did not know tliat lie had previously been tliere. 
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boiildei«, deiMwits of Hands, clays, i>«W)lc«, and rooks, generally 
appearing to lie iii)aiMort«d ; tint in aome iwrta they appear Htrati- 
fled, not US deposits made by recent floods, having well defined 
lines of separation. I>ut as if made interrupte<lly and at the same 
time with tbe other large mosaes of (so far aa examined) iinax- 
sortetl deposits. These moraineti* nre at the ctmflnenoe of the 
three rivers. Segovia, Depilto and Moculeso whose aggregate 
hydrogniphic area is alxiut eight thonsand s<|uare milea. My 
not«s, matlc aft«r several examinations nt intervals during a slAy 
in that part of Xicoragiia of alK>ut four months, state that possi- 
bly a large portion, if not all, of these deposits are moraines. 

Several large knolls and small hills are found north of tbe vil- 
lage of San Rafael del Norte, in the ilepartment of Matogalpa, at 
the Honthwestem foot of the Oerro Valli, alwnt lat. 13° 211' X,. 
and long, Hr>° W. , each having extensions of from one luindrnl 
and fifty to six hundred yards long, declining into the Rio i^an 
Rafael ilel Norte, composetl. so far as my examinations extende<l. 
of the iinussort«<], unstmtificd fragments of roeks and pebhies. 
some rough, others smooth -edge<l ; all eml>e<lde4l in sands and 
clays. In some places the clays, in others the sands are in excess. 
These di'))osits were first diswivcrwl liy the late Thomas Belt. F. 
It. S. , and descrilied in the second edition of his --Nattiralist in 
Nicaragua." published within the {uist few years in Txindon. He 
declares them to lie moraines, which if discovered in Onnaila 
would unquestionably Ite so considered. Cerro Yalli. at thin 
locality, is tall an<l lias steep sides, but the hydrographic area i^ 
c<imi)aratively large, and although i found no narrow. <let>p ra- 
vines in the side of the mountain near these deposits of nii- 

I ttelieve it was Lis ooly trip (and oae of only s few days) lothia locality. 
dlBtant for mori' than three or four lengues, from tbe tniuee near 
ijal.itwrtad (that he. xuperintended for a few years). He waa a quick 
and close ol'aervf r, but was Imrried on this trip and did not note, proi)- 
atily, t]ie large bvdrojrrapliie ares of tlie three rivers, Regovia, Maculeso 
and Uepilto wbic-h unite, in this localit}-, ttieir rapid cnirentB. 

*I had donbiB aliout these being moraines, unttt two months ago, wlieu 
for the first time 'nud only for a few hours, I had opportunity to exam- 
ine tiie work of tlie late Thomas Belt, referred to in foregoing note- 
I believe Mr. Beit was correct In designating these deposits moraines. 
My doubts occurred lM>cause we are sometimes lia1>le to mistake dp- 
posits mail e 1>y water for those made by ice, unless after extensive e^■ 
caiations. etc.: also, because the water-slied of these three rapid rivers 
is i|ulte large, and iu flooii limes tliey transport large boulders for loajr 
dislanees, and, because there are ctidenees that a part, if not all, of that 
valley lias been overflowed. 
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stratiRed materials, yet I ci>iil(l not persuade myself tliut tlie 
rucks, pebbles, clays, itands and pieces of lignite compoaing tbii«^ 
hills, knolls, and ravines had been transported to and deposited 
in this valley by water. I found, it is true, many loose boulders 
at various places on the side of the mountain, too many. T 
tbonght, to remain in such places after a glacier bad moved over 
th^tn ; but. possibly those boulders were deposited by some melt- 
ing ice -sheet. 

Other evidences in the Nicaragua of a O^lacial epocb. siibse(pient 
to the Pliocene, have lieeu discovered and examined by me. but 
none found to l)e so distinct and impressive as those herein de- 
scril)e<l. 

Hydrographic charts, made by l)i>th the Tl. S. Coaat and Geo- 
detic Survey and the British Admiralty, of soundings of the 
Caribbean Hea, from the coast of Nicaragua east to the Atlantic 
ocean, sliow (besides the betl of one, orpossibly two. old lakes or 
inland seas whose present beds are 1.000 to 1,900 fathoms below 
the present surface of the sea) long. deep, wide holes in the l>ed 
of that SPA, at intervals from the principal (really the old Plio- 
cene or ante-Piioceue rivers) mouth of each of the Rios Kscon- 
dido (Bluefield), Matngalpa (Grande), Tungla (Princapnlka) and 
Segovia, which holes are traceable eastwanl to the western margin 
of the Atlantic iK-eun, or to al>ont 60° west longitude on the ea«t 
side of the Antilles. in<licating that the channels of these rivers once 
extended out fifteen hundred miles further than at present. 
These sub-marine flords are now nearly filled up by debris of 
brachiopods. ccphalopods, mollusks. etc.. and in the shallow pnrtM 
by corals. The average depth of this s<;a is about 5, 500 fe»'t. 
but if we consider the two very deep places as lakes existing in 
the early Tertiary period, then the average depth of the Carib- 
l)ean sea is lens than 5.000 feet, or. less in depth than the altitude 
at present above its upper surface of several cerros in Nicaragua. 
The <leep boles in ajiparent continuation of the former channels 
of some of the old rivers that emptie<l from Nicaragua into the 
Caribbean sen indiciito. in connexion with the facts related in the 
foregolDg part of this pai)er. that ijrfnt elfi-nlinu onn: or-ciirrfil in 
Ih'it lutilwlr and lor-n/iig sntfleient to have raiseil, far aliove the 
Burface of the wati-r. almost uH of the bed of the C'ariblieon sea. 
and tfl have extended the moiintains in the central part of Nica- 
raguu far up into zones of snow and ice, pro<lueing a (Jlacial 
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epoch. Thctv arc abillx and barrier re«fs in ttiat sea, which, ia 
all prolMiliility. are eontin nations l)y c^irab*, upward, at the rate 
of xuu-beil depressioit. or sulraidence of the tops of mountainx 
that WOK are the mill-marine, lint once were the anlj-aPrial partH 
of the Nicara^uetmian continent. When elevation bad com- 
jilett^^l its worl( here, it is prol)ahlc tliat sulisidence deeply shIi- 
nier^l the present Tsthmiis of Panama. 

Xo river JIowh from the deep, concave western side of Nicara- 
gim int4) tlie Pacific ocean of ctnlUcient siise t^i lie considered a 
factor in connection with this subject. 

The for^^injc facts indicate: 

(u) Tliat. at least, two or tliree monntuiu nin^ces in Nicara^cua 
were deeply covered by ice during a Glacial epoch contemporane- 
ous with that which existed in the North American continent. 

(1i) That at that time there was, because of great elevation of 
land and sen-l>ed, a Nican^rucDsiaii continent extending eastward, 
atxiiit fifteen hundred miles further than at present, over the 
northern and middle part of the area now occupied by that part 
of the Oaribliean sea eastward from the Nicaragua coast, to ttie 
Atlantic ocean at al*out the 60th meridian west from Greenwich. 

(c) It is probable that the submergence of the Isthmus of Pan- 
ama WHS then sulllcieiit to allow a large part of the south equato- 
rial current (which now carries so much heat to northern latitudes) 
to pass into the Pacific ocean. 

(d) Cosmic conditions, as irregularity in the amount of beat 
from the sun, c«iuinoxiaI precessions, variations in the excentricity 
of the earth's orbit, and extreme Tariations of the magnetic 
north and south [xiles, may have Iteen factors: but the two latter 
were certainly of very moderate effect in producing a Glacial eiwch. 
Great elevation of land api>ears to have lieeii the i>otent cause in 
Nicaragua. 

(e; The movements of elevation and subsi<lence appear to have 
Iieen more rapi<t in this country, than in latitudes many degrees 
further north, and more fre«{uent and vigoi'ous in Glacial and ' 
Kecent times. 

(f) It is ipiite jirolmble that the extensive fracturing and Assur- 
ing <luring the early Glacial or late Pliocene epoch gave rise to sev- 
eral additional volcanoes along the western part of Nicaragua 
luid added variety to the scenery of mountains cla<l in ice in the 
central part. 
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ON CYCLES OF SEDIMENTATION. 

J. Lawton Hili.iahb. llomell.Thk, N. V. 

Tlif fitot of cycIeH of HedimisiitAtiun in well known to strati- 
graphical gcologistH. The following tattle, from Dr. Al^xandvr 
Winchell, Ir a good illiistnition of what ih meant liy the terra: 
Tablk of C'vn.EH OK Seiiimkntathin. 





Cixrw 


Flnv FnKnK^til. 


Cnlnreuiii^ 


C»l™reo- 


"tCbonlfwo... 


Conjiloinortla 


(Brokrn inlo"'' 


"TiS-^,, 


Permlmi. 


Luwcr 

CwbotiKftoi.-. 


(HanlUl] Phiw.i 


^^ii^s^psrr 


MuiinUlii 


FhW Ciwl 


Devoutan. 


■'"■'■■'»,,*.,. 


^""*=";,r,;.t„„. 




BlHlChflHlMlB 


Sil,.ri«», 




l.lm.vloii". 


Salliia. 


CmlwUn. 


Pct-diini. 


Cnlcir..r..ii-i.nd 


l.liue-tciiK-. 


CiiicEiiiuilL. 



While thote iliviilionH may Ih' oomewhat artificiat anil uriiitiiury, 
tliL>y rieem t^i illustnite the general fact, of a iletiiiite »(!<iiience in 
MHlimentHr}' <)epoHitH, Similar relations have lH-en olit^erved in 
the HtniU of Great Britain. Mr. Hull (Quart. Jonr. Sci., July, 
186fl.) makii) a triple mtber than a quadruple milHliviaion: iHt, a 
Utwcr iftage of Hau<lMton«w, ilwlett and other Hedimontary dcixmitf, 
mpretieuting prevalence of land with dowiiwar<l movement: 2d, a 
middle stage, <ihiefly of limestjtneit, repreMt^titirig prevalence of 
WA with genoral (|ni«stceuo<^ ami 4^<lal>oration of CHlmtroim organic 
formationH: 'Mi, an npi>er Htage, once more of nieehanical itcdi- 
raentA indicative of proximity to land. 

The identity iK-twtwn this and Winelieirs tal)le in apparent. In 
ttoth we may l>egin with a given st rat [graphical Ntmcture, and, 
after posxing tbnxigh a ileflnite nuccettHion of intermediate Htnie- 
tureg we again encounter (me like the flrnt. M'e art' to bear in 
mind, however, tliat this sncceMMion is not it rigid one. t>rten- 
time« we meet with intercalates! l>edM which have no representa- 
tives in the other memherH of the rn'ries. Bexiden. there are wido 
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variatioiia in the relative thiclcnesHes of iiiialogous beds, ttud in 
the aggregate thicknesses of different cycles. The tacts with 
which we arc impressed, however, arc not the minor discrepancies 
and Apparent nnomnlies, l»ut the broad general fact of a definite 
scqneiice. And the convictiou becomes irresistible that such a 
sequence, mnst be refcrre<l to a perio<lical recurrence of certain 
fundamental phenomena concerned in the evolution of our planet. 
These phenomena may be considered under two heatls in relation 
to this subject; Ist, immediate causes; 2d, remote causes. The 
immediate causes are evidently, (a) the elevation and subsidence 
of land areas, (b) meteoric conditions utfecting the rate of erosion 
of these areas (cj the mutual reactions of these separate forces. 
In the remote causes we must seek for an explanation of the 
pertodii'itff of upheavals and sulnidenccs. It is clear that with a 
given HUrfaee of the earth's crnst, an elevation of a portion of 
land must either resnlt in a depression of some other portion of 
land or of the sea Imttom. Let us suppose an elevation of land 
to take place which results only in a depression of the sea bottom. 
Then^ will then be a smaller surface of the waters of the globe 
exposed to the evaporative influence of the sun. Other things 
i«((ual. there will, consequently, l>e a diminution in the amount of 
pi'ecipitated moisture. This will nece8sitat« a diminution in the 
amount of erosion and atmospheric disintegration of the emergent 
areas, provided the minfall he equable. But the amount of 
erosion depends not only upon the quantity, distribution and 
periodicity of rainfall, but alno upon the angle of slope of the 
land subject to erosion. The effectiveness of erosion varies 
directly as some high power of the velocity of the ci-oding fluid, 
and the velocity is n direct function of the sine of the anjile of 
slope. So that the diminished preci]>itati(ni due to a diminution 
of the water surface might be more than counterbalanced by a 
disproportionate increase in the angle of slope, in the final results 
of erosioii. Jrf-t us assume that in a given instance this was 
actually the case. Then thi^ great angle of slope would necessi. 
tate a precipitous full of torrents. Suppose the slope is such as 
to double the mean veliK-ity of u given volume of water falling in 
a given iiitenal of time. Then, whereas formerly this same 
volume of water transported to the sea fragments whose dimen- 
sions may be represented by 1' or 1, now it will transjwrt frag- 
ments of 2' or (i4. since the transiwrting power of a fluid varies 
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u« the sixth power of the velocity. (ITupkina Q. .T. Geol. Soc. 
VIII p. 27.) These last will have n size relative to tbe first as 
smnll cobble-stones to gravel. Now let im suppose the process of 
erosion continues. The coarse fragments wili be polished and 
rounded by their journey to the sea, and will l>e depositeil in a 
soft matrix of mud and finer pelihies as u conglomerate. The 
lai^st fragments will be deposited first, and. with the wearing 
away of the slope, and consequent dimlnntiou i>f the angle 
of slope, tlie size of the |»ebbles of successive deposits 
will l(e smaller and smaller. Finally, when the angle of slope l>e- 
eomes snch that the velocity is one-half what it was at first, the 
size of the fragments will be 1 instead of 1i4. Such fragments 
will Iteeome a sandstone or shale according to circumstances. At 
length the land will Ite entirely eroded away. Meantime the sed- 
iments deposited along its shores will have accumulated to a vast 
depth. This acenmnlate<l weight will necessitate » submergence 
to restore the eqnilibriiini of surface press ures (Dabbageaud Prof. 
Jas. Hall). The deposits will sink to a depth which will lie con- 
genial to the development of vast populations of corals, crinoids 
jind other lime-secreting Oi^nisms. Here they may continue to 
build through a long succession of generations, the increment of 
weight dne U> their accumnlation ]>rodiicing just enough submer- 
gence to maintain a proj^er level for their growth (Darwin). A 
vast de|H>sit of cnide limestone will be tlie result. This is pn-- 
cisely the suecesslnn fonnd in the table at the ))eginning of this 
article. Conglomerate, sandstone and limestone are repeated 
over and over again. In the prece<ling discussion we have 
assnme<i the simplest cimdltions imaginable; an emiuenc<>of land, 
n given elevation subject to no r>scillations of level during the 
long i)eriod of time while it is worn down to tbe level of the sea, 
Au equable and uniform i|uautity of precipitation, and n suffi- 
cient weight in the accumulated sediments to etTect a subsidence 
when the destruction of the land was complete<l, and, finally, a 
subsidence deep enough and not too deep to be favorable to the 
growth of lime -secreting orgunisms. 

It is astonishing t*) see how faithftilly these ideal condi- 
tions have Iteen re]>e«tedly realizecl as recorded in the Pul- 
leozoic rocks of North America. .\nd it is perfectly con- 
ceivable how H varmtion of these ideal conditions might lead 
to the discreiHincies and anomalies alroiidy alluded to. We 
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atwumeil a iinifonnity of meteoric <H»ii<lition«, but such a uniforui- 
ity is impoHHible from the ven' nature of the other eonditionH 
ODSumeil. For when the land haa a i^reat elettttion the muiature 
precipitate<l upon tt will asBiime the form of i«ii<>w anil ice whieh 
will inau(i!urate various climatic changes. Ah tlie laud is worn 
away there will lie a greater surface of wat«r ex|)08ed t<> evapora- 
tion, anil this will react upon the quantity of precipitation. Again 
the ilisappearance of land will allow iiecanic ciirrenta \q pursue 
new channels which will directly react upon climate and indirectly 
u}>on precipitation. Finally the land will in most caMW lie suliject 
to oscillations of level which will react upon climate in a complex 
and indirect way, and npon the rate of sedimentation In a direct 
way. Any one of those variations will interfere with the uuiform* 
ity of the cycle, and when several of them are concerned nimul- 
taneonaly it will lie correspondingly complex. So mucb for the 
immediate cauttett. In the remote cauHes we muHt xeek for an 
explanation of the ]irn'otliril_y of upheaval anil sulwidences 
which have given rise t4i cycles of MedimentAtion. 

For our present purposeu it will not lie neceiHtary to enter int4> a 
discussion of the causes which have determined the existing con- 
figuration of land areas. Without ilou tit. Prof. Dam'in'R appeal ti» 
astronomical inflnencessnggestsageneral explanation of the leading 
facts. Also Dr. A. Winchell shows (World iiife) how the lunar 
tides during the earth's early incnistive sti4(e» would impreiw 
meridional lines of weakness. The snlisidence of the eailh':! 
equatorial protuberance due to the secular diminution of its ntta- 
tional velocity would conspire to a like result \\'he» Huch lineK 
of wenkness are once establisheil everj- contrHCtion of the crust 
dne to the radiation of internal heat will give rise to rugosities 
along those lines, and these rugosities once established will tend 
to grow with everj' increase in the lateral pressun". Ai much for 
the generalities. But there are certain s|>ecial and very remark- 
able phenomena which these hypotheses ilo not take into account. 
Such are the jieriotlicities of upheaval anil siilmitlence wliicli havi- 
given rise to cycles of se<li mentation, ^lullet has ar^nieil in 
another connection that tiie contraction of the earths crust duet<> 
secular ci¥)ling wonlil by the criiHhiiig of the rocks give rise to an 
enormous quantity of heat, and that this crushing would take 
place after long inter\'Hls of quiet, during which intervals the . 
tension necessary to proilnce the crushing would lie generated. 
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1>i)ubt1(>H8 hvre Ih on» f^xplaiiation of llip periodicity <if diHtiirb- 
anoetf in lan<l areaR. There are othen. Dr. Croll has shown how 
the precession of tbe eqiiinoxett combined with variations in ttie 
eccentricity of tlie earth's orbit must give rise t^i a nefular recur- 
rence of periods of refrigeration. When winter in one hemisphere 
occfint in aplielion and the eccentricity i» a maximHm. the polar 
regions of that liemisphere will be covered with a cap of ice. and a 
climate of arctic severity will prevail. Me«Qwhile the other hem- 
ispbere. l>eywod the equator, will have a torrid climate. This 
state of affairs will continue nntil the precexsion of the equinoxes 
shall reierse the wtnditions. Then the other hemisphere will 
suffer refrigeration and a tropical climate will dispel the ice-cap 
from the first. I>r. Omil sliows bow these changes would cause a 
shifting of t-he earth's centre of gravity toward the pole which 
sustained the iee-ca|>, and thus the oceanic waters would rise on 
tlukt hemisphen- and dehige the land. Thus each hemisphere 
would undei^o alternate phases of submei^eQce coincident 
with the alternate periods of refrigeration. This oceanic 
OHciliation, I>r. C'n>ll argues. account«t for the alternate IxkIb of 
coal and shale so characteristic of the Coal Measures in all parts 
of the world, (('limate and Time.) Here then we have another 
clear cass of |»eriodicity. I would add in this connection that 
movements of the internal fluid arising from changes in the cen- 
ter of gravity, would, by virtue of the suiwrior momentum of 
the oentml lieavier masses iuaiigurate a motion which would chum 
the lighter peripheral fluid int*> the mountain arches and crevices, 
in some cases simply |)rodncing elevation, in others, giving rise 
to igneous eruptions upim the crust. If the interior of the earth 
had the rigidity of steel, n shifting of the centre of gravity wonid 
nevertheless lower tlie peri]iheral pressure on the far hemisphere, 
perhaps thus prcMlueing liquefaction. This might admit of lava 
outflows, and. in fact, evidences of such occurrences are not 
wanting in polar regions. Moreover, such a shifting of the 
earth's centre of grai-ity. even if ever bo slight, might propagab" 
spherical waves passing outward and imparting terrific impulses to 
the crust. Such waives woiiM bring into contact different chem- 
ical elements separated l>efore l>y their relative si>eciflc gravities, 
anrl this wouhl pnimote intense calorific effectj^ which woidd react 
upon the cnist. It is ]M)ssilile that the rise of sen level, due t«) 
the ice-cap. would depress the sea-l)ottom and thus elevate the 
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laud by the auiteraddeil weigbt octiug tuiigentially tuwan] tlio 
shoreH, 1u the opposite hemispherf u new e(]uilibrium would 
establiali itself by the elevation of tht^ stiu-bottoni aod depreaaion 
of the land. This wonld. in some dej^ree. ncntralize the relative 
dilTerenoeH ot land and water arean to which the shifting of tin- 
ne«« wonld give rial-. It ih to Iw remembered that the intenite 
pressure at the poles iluring periwls of maximum glaciatioii 
wonld precipitate enistal convuUtionti when the eontractile tension 
due to the radiation of internal heat should have become siifll- 
ciently grent. These complex factoi-s wonld all come into play 
periodically with the jxriodic recurrence of xnituble astronomical 
conditions. 

There itt yet anotlier cause of periodicity' which has oc- 
curred to me. In the deeper parts of the im>caii. the hydro- 
static^ pressnrc must lie enormonsly great. This pressure must 
force water very deeply into the rocky interstices of the ocean's 
floor, perhaps so deeply that its permeative power )iy capillarity 
is ^'astly increased (Danbree 'Geologic Kxpi-rimentale, ' p. 274). 
This water coming in contact with the heated rocks of the deeper 
crust wonld l>e vaporized and would also facilitate the evo- 
lution of explfisive gases. These expansible prodncts would press 
with tremenilons force against their inclosures, and the crust 
would slowly yiel<l to the irresistible pressure. This cruHlal 
movement wonld continue for a time until the original interstices 
should have swelled out into fissures sutHcieutly wide to admit 
the expansive prtnlncts to es<-npe as fast as they were formed. A 
period of <{uiescence, so far as tins forct! is <'oncerneil, would then 
ensue until the gaps weiv filled in with sediment when the process 
would again be renewed. If the erosion of the land during the 
period of (piiet were just sufflcient to flU up tiie gaps we would 
then have the ideal conditions suggested at the lieginntng ot this 
article. It should be remembered that the ex|iausive force here 
considered would have a powerful tangential component which 
would reuct landward in each dire<lion lending Uy produce 
continental upheavals. ^!ucli inovcnu'nts would cause a sub- 
mergence of the ocean's ImhI, and this bed would lie still 
farther depressed by the supcnuUled weight of the inrnsh- 
ing waters. Thus there woul<l lie an indefinite reciprocal 
action lietween the two initial tendencies, each elevation intensi- 
fying its correlated de|nv5sion, and each depression augmenting 
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the ftlreiuly existing elevation. Tbin reciprocity of etfeoU would, 
bonever, be nnta^nized by at least three OMiinter-teiidenoies: 
Ist, the parth'H teudeacy toward nphericity due to the combined 
ftctiun of gravity and ita rotational movement. 'J.A, tlie rupul re- 
adjustmeat by erosion which would euHue from ituch enormoim 
differences of level. 3d, tlie distiirl>etl e<{uilibriiim of the inter- 
nal fluid which normally will DHSume concentric HbellH with deii- 
(tities inversely jjroportional to the diatanoi' from the c-euti-e. All 
tbeHe would opitouc the diHtortinfi: forces here contemplated ( sind 
all others producing like etTects). and contine the xiirfaci^ luuve- 
mentM within rigid limits. Here it nhouUl 1>e borne in mind that 
when the upheaval and coiiHctiuent expenditure of meolumicnl 
euei^' Ih great, the ener^' atwuming the form of heat (due to 
cniatal friction) ih proportionately diminished, ho that the result- 
ing evaporation of oceanic waters, and, hence, the violence of 
watery precipitations is diminished, hut. so fur as crosiou in cou. 
cemeil this loss is offset by the increiMe<l angle of elevation of 
coDtiuents. 1 itm convinced that the heat gencraUHl by cnistal 
friction is an important fnotor in the proct^scvs of erosion: for, 
when developed in emergent land, it will increase the chemical 
effectiveness of atmospheric moisture coining iii contact with it, 
and thus accelerate disiutcgratinn. Where, oil the other hand, 
it is developed iii the ocean's lied it will heat the cold jwlar cur- 
rents there, part of it being thus conveyed to the e<|untorial 
r^ions there to augment evaporHtion, and |)art of it will pass 
directly hy convtiction to the surface producing a like effwt. In 
the reciprocal elevations and subsidences heretofore alludtni to 
the heat of friction (and coiise(|nent evai>oration resulting in 
erosion), would be devcloix^l on a prodigious scale. This would 
promote the rapid leveling mentioned alxive. 

Thus it appears that by an appeal to physical principles 
we can explain tlie fact of iM^riodicity in tiie cycles of sedi- 
mentation as II result of several iiulciwndent forces. While 
we cannot hope in any given instance to refer a partic- 
ular upheaval or subsidence to a siKK-ific category of causes, 
yet we may rest ossui'ed tlwt one or sevcnd of these causes 
have been operative either isolatedly or conjointly in produc- 
ing the varied effects. Doubtless minor local disturluuices 
are referable in some eases to purely local causes, although 
we should not trust too implicitly to such ail interpretation. Ite 
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this as it may. tlwre seems U> l>e (PXmI reaaoii for referring gen- 
eral and wJdeBprcad muvcments occurring during protracted in- 
t«r\-als, like thoHe which took place on ail the continents during 
the CarboniforoUH nge t« general causen. We have stat^l Ijefoiv 
that l>r. Oroll refers the movements of this epoch to alt«mate 
periods of refrigeration on the northern and southern hemi- 
spheres, snch i>erio<l8 favoring the formation of an ice cap, and 
tlins, by changing the earth's centre of gravity causing a rise of 
waters on the refrigerated homispltere. No donbt this may ex- 
plain the fact of differences of consecutive stmta, hot it doe* 
not solve the prohiera of cycles of swlimentation, and it appears 
to me that a diminishing angle of slope in the wasting land under 
uniform conditions of precipitation is the only adeqnate solution. 
But even this does not explain those grander divisions of geol(^ic 
time like the Valn^izoic, Mesozoic, and CaenoEoic. We may 
suppose that movements like the upheaval at the close of the 
liower Silurian, in the Permian, or in Tertiary times were either 
the expenditures of ueenmiilated tensions created by contractions 
in the earth's cnist, or a contemporaneous action of this witb one 
or more of the other forces cnnmerat«d tieretofore. 

Such a periodicity of major events separated iiy l<ing intervals of 
time and interspersetl by minor commotions harmonizes with the gen- 
eral hypothesis of a cooling and contracting globe. We would 
infer that in early timeu when the crust was thin, the radiation of 
heiit woA much more active than now. and general, peripheral 
convulsions were of frequent occurrence. But owing to the thin- 
ness of the crust it could not sustain any very marked elevations 
without a ruptun' and outflow of molten matters within. .Such 
outflows, if copious, would obliterate any existing differences of 
level, and refuse the parts of the crust which were erumple<l in- 
waiil. This process would of necessity eontinne until the crust 
should have attained a suflficient thickness to sustain the eleva- 
tions impressed upon it. Assuming that this was the order of 
events we would expert that elevations woukl take place along 
lines of weakness (see<i»/f); that the major contractions wouH 
lie co-simnltaiieoiis on ditferent parts of the globe, that the older 
mountains would have n smaller elevation than those that were 
formed later: and, finally, inasmuch as the rate of radiation of 
internal heat sustains an inverse ratio to the thickness of the 
crust, whereas the resistiinee to flexure sustains a direct ratio to 
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that thickiMfta. we would exjiwt that the epochH Iwtwwn sucras- 
«iv<> general <1mt)irbance» wonld he proitreseively longer as the 
cooliDg of the interior advanee*). On thin hjiwitheaiH, other 
things tHtiial. the Palieozoic ivon ))etween the I^nwer ^ilnrian and 
the Permian would hv «h<>rter than the Mesowjie, ami thia in turn 
shorter than the Cainozoic. But while thene deductions seem 
well foun<)ed. we shonld be exceedingly cautimm alK>iit applying 
them too literally owing to the manifold an<l intricate aspects of 
thitt pn>blem. There Heems to W good gronn<l, however, for 
accepting the general viewH here set forth. A general synchronism 
of enistai raovemenU is but a coroilarj' fr<)m tlie doctrine 
*>f the identity of geolt^cal formations ini different parts 
■of the gtotte. The later formwl moimtaina were undoubtedly 
(Colossal compared with earlier ones. We have but to compare 
the Green mountainn (making due allowance for snbseqnent 
erosion) whielt were iipliftM) at the end of the Jjower ^ilnrian 
<l>ana) with the Rockies, Amies. -and llimahiyas of Tertiary times 
to realize the greater effect ivenesw of ovigenic forees with the aug- 
mented thickness of crust. While we seem foreetl to admit a 
general Hynehronism in the movements of cimtinents as shown in 
the Kocene period, yet a close paralletisni in the cycles of sedi- 
mentation should not l>e exptvtei), CirciimstHnces too numerous 
and complex to In' here considenn) would modify in endless ways 
the minuter adjustments an<I readjustments of land and sea. Bat 
this absence of parallelism does not at all invalidate the general 
doctrine of cycles of sedimentation. 

Here it would lie intereHting to [loint out the relations 
Huhsisting l)etween cycles of .>iedi mentation and geol<^cal 
faunas. .1 prinr! we f«'el sure that intimati- oonnectioiu 
must exist lM>tweeii the two, and the general factn of pale- 
ontology- seem to sustain the inference. The modifjing in- 
fiuences of such cycles must luive jirofoundly iiffeclc<l the 
development of animal ty|>es. But we are tis) ignorant of 
the laws of life to s[M>culate u[>on the mnilvii njifrmnTi of such 
developments. We can conjecture this much, however, when 
the elevation of the land is greatest, the denudation is most ener- 
getic, the roily waters will then flow farthest out into the seji, 
and only mud-loving animals will fre(|Heut tile neighlx)rhood of 
the shores. Their remains will l)e im)>edded in the resulting con- 
jrloniemte. With the diminution of erosive activities new con- 
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ditiunis nill |>rev]iil in luljucent sean, and n different olaiM of or- 
ganiamH will inlmltit their waters. When the lanil has iliiM|>' 
peared altogether, the watent will be dear anti nell nuiteil to the 
growth of linic-Hecreting animaU. Thus there will W a cycle of 
living forms corresponding t<i each cycle of sedimentation, but 
owing to tlic long duration of IIkmc sedimentnr)- cycleii, and the 
mutability of iinimal tyijos. the cycicM of life will rarely if 
ever repent tlietuselves in consecutive cyclen of sotliuienta- 
tion. 

In conchmioii we may say that the general fact of cycles of 
eeclimentatioii Ih well cHtabtiMbeil. Thoy are Iteut explaiuMl an 
resulting from the secular eleiatloim and differential rates of 
erosion of land arean. The elcvationn mn»t have l>een periodic. 
This peri<Mlicity was due to other secnlar plionomena of a more 
general and fnndamental character. The ftrllowing are the most 
important uf thoHe itheuomonu : Ist. The secnlar cooling and con- 
sequent contraction of the earth's crust, ^d. The alteruat«> 
occunvncc of peri<Kls of refrigeration at the oortheni and south' 
ern hemispheres due lo astronomical events. lid. The generation 
and expansion of guses and vajxtrs at the liottom of tile seai> 
resulting in cnistui disturlwnocs. By the iude[)endent or nnit«d 
activities of these si-veral forces there have resulted periods of 
profound and universal disturbances occurring at widely removed 
intervals of time. M'hile those intervals have been mnrke<l by a 
prevailing quietufle. yet there was a continuous succession of 
minor disturbances related in some complex way to those same 
general forces, which have given rise to cycles of sedimentation. 

Jiilff JS. 1S91. 



EDITORIAL COMMK.X1'. 

The stu<ly of geoli^y is no light ant) etisy task. Rolieri Mal- 
let once wnite that to lie a geologist a man must first l>e a chem- 
ist, then a physicist, and huttly a mathematician. Geology can- 
not Ih' masteretl by reading the literatui-e of the science, interest- 
ing and imiMirtnnt as it is. Nor ran the alternate loatling and 
dischoi^ing of a few pages of a school or college text l>iK)k make 
a geologist. (Seologus nascitur. noii fit. is a tnie parotly of the 
original. No unin can be a geol'>gist unless the stuff is in him. 
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But possmHiii); tbb li« j-pt iieetlx careful tmiuing. At tbe same 
time the Hub]e<rt is so Ini^e and the field so wide that scope is 
afforded for great variety of mental power and fanbit. The re- 
flective mind can find ample room to usefully indulge his specu- 
lative tendency if he only keeps within the limits of reason and 
judgment. The observing realistic mind will lie perfectly at 
home in a practical portion uf the Hcienoe, Nor are tbe graces 
of literarj' training foreign to tbe subject, for the power of the 
geologist to present bis favorite theme to others is often and 
vastly heliXHl liy its jtosseBsion. The stonemason of Kdinburgb 
would never have l)ecome tbe Hugh Miller of geologj- and litera- 
ture had he lacked his elegance and [lower of diction and illustra- 

Bnt for sucees!4 in any Held of the science bard and contiiuions 
labor an<l thought are retiuisite— especially thought. Pondering 
on the problems licfore him and working them out in detail, 
whether in the field or tbe study, makes the geologist. To realize 
by the aid of a scientific imagination the past and the lost of the 
earth's history, to conceive of the destroyed as still in exiutenee, 
and to estimate and weigh tht^ changes i-esulting from itH<le«triiction, 
all this involves a i)Ower of vivid mental imager)' not iKwscHsed 
by many. 

(freat geologists therefore have Iwen and still are rare. >Ien 
who can gather u|» the work of others and focus it with their own 
in some grand generalisation as Agassiz did for the Ice-age, never 
will be nnmerouM. But the rank and file of the geological army 
is not to be (1espise<l iH'cause each one cannot be the great com- 
mander. Kvery one can contrilnite to tbe victory if liy )Miti(;nt and 
careful drill he will fit himself for the work that gi>ologj' demands. 

And this work Ih the investigation of tbe pi-o)>lems that lie at 
his own door. County geology, township geology and even the 
geolt^y of Mmaller areas are tbe topics with which most must con- 
tent themselves. Ttiere is scarcely a <'ounty or township Iwtween 
Maine an<l Oregon, between Minnesota and Mississippi that does 
not afford enough piiiiilems to employ all who ilesirc to work. 

" But what shall! study? At what shall I hmk?" are the 
Gsual remarks. An.- there fossils within your reach? Then 
make an effort to secure all the s{>eeies that occur there and learn 
to distinguish each one- and eveiy single part of each one so ax to 
have a critical acquaintance with them. Are there none? Then 
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study tliv river and Rtruam. Why dom tbm Htrettm flow her« and 
that r>ti^ there? Han the preHent pcMitiun been determined by the 
hanlnettH ami »oftne»H ut the Htmta or Itv acime other mnse? 
Iluve the hi)ch1andH lieen elevated or are they merely relios nf 
hir^er maHHeH that have I>een ertKled? To what geological era do 
the nK'kH of the connty Itelong. and for what reaiton are they 
aHerilHH) to that date? 

Thetie ore h few Hampleu of tbe problems lying l>efore the local 
geok^ist and hiH attempts to ttolve them wili give him more geo- 
logical kuowte<)gp than the rea<liiig ni all the textlxjoks or the 
committal of their pages to memory. 

1 have neen men who knew nothing of lKM>k geologj'. who 
could not tell whether the Silurian or the CarlN>niferoua tttrata 
w«v the older, and who did not concern themsetvex with the 
theoretic-al (jnestionH that divide the geological world, but who 
were neverthelesH. in my opinion, trained and e^lucated men, who 
could rea»on cloitely and ueverely from their data, and whose 
(lUerieH, HUggeeteil by experience, often pnzzled learned geoIi^iRta 
who heard them. Such men are t™i scarce. 

T do not undervalue study of a wider kind. Jyet all who can 
enjoy it. But when it is out of reach let none sit down and say 
■■1 cannot study geolog;i'.*' 

Such men as described alwve are often tlte life and »oul of 
local societies, and it is from their careful and oonatant work that 
these societies derive a great i)art of their value. To itoth we 
look for great and Increasing rcHulta in the future. 



REVIEW OF HECEXT GEOLOGICAL 
LITEEATUKE. 

Oa lb* Vritatnitafrom Ihe Tertiiirg unit Cretaeeout Huekt of thf^ X. H'. 
Tert-itorff.—E. D. Cope. (Oeol. Sur. of Ckoada, Vol.8 [CJiiarto], 1891, pp. 
3.% 14 pie.) Id this part (I) Prof, ('ope deacrlbes "The Species from the 
01i);ocene or Lower Miocene beds of the C}-pre»B RIIIb." The material, 
from whirl) tbeee speclca are described, was found in a bad state of 
preservation, tbe boues Iteing much broken, which is accounted for tqr 
the (act that the formation from which they were derived is conglom- 
erate of a (luart^itic nature. The l>edK are somewhat older than the 
White River beds of Dakota, which iici-ounts for the presence of 
Uemipnilii^m. Five new species of fishes are deBcril)ed, Amia kMI- 
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MtfiHiiiii, A. uMtronpondi/Ui, Wiiitfttet rkiKii, Amiuria faHeetlalru, .1, 
imieoanellii, the three latter being Romewhct doubtful; a new teatudlDoue 
reptile, Trioni/x leaoipetumieHi ia also given. A number of mammals 
ar« also ileacribed, .Vtiiodia being the iirlncipal. It is surprising to uote 
the almost eutire absence of the Oreodonts, ouly oue tooth having been 
found. 

Tkt Briti*h Terti-irg Krltinoul Faaiuit "ml Ihrir Affinitir».—J. W, 
Oregort, F. G. S. 4S pp. I fl);. in text. (Proc. Geologiita' Association, 
IiCHidou, Pts. I and II, 1891.) This Is a most Important memoir, cover- 
ing, as it does, the entire Tertiary fauna of the British Isles; the worit, 
however, is dellcient In UlustratioDS of the new species descril>ed. 
There is reference (o two plates, and it ia presumed that they will appear 
with the next number of the Proceedlngn. Six new B|>ecieH are de- 
BCrilwd of which four are from tlie Eocene. According to this author, 
there are T genera and 14 species from the Eocene, 11 genera and 21 
species, of which are Ki'kiiiut, from the Pliocene, and Ave genera and 
seven species, of which it are AWi^niwt, from the Fleiatoceno. The author 
coDcludes that the cause of the amail number of British echlnolds iti 
due entirety to climatic and lithologlc conditions; In the Cainutoic, the 
British seas wer« cold and free from reefs, both conditions unfavorable 
to the growth of echlnoids. The author also favors the view that a belt 
of shallow water connected the south of Europe with America during 
the ('ainoEoic. A bibliography Is appended in which are cited 4l> 
authorities. 

Thf ife-n'iir iiwl Tfrtiiiry IhmtU of Xne Svith W.iU-:—ll. Etiibriduk, 
Jan. and A. tS. Oi.i.ift, 14 pp.. S heliotype plates. (Homolrs Geol. Sur. 
New So. Wales, No. 7, IffllO.) There are but tew Tertiary Insects (hardly 
a dozen) known from the Australian continent, therefore this iu>ntribu- 
tion Is particularly timely and Important. There are described two new 
genera (J/V-i'X/iffHHJi'^CK, belonging to the family Bupretfiii* and /'i(t»iii^cM» 
belonging to the family Ijimiigrid", both Coleoptera) and Ave new 
s|iecleB. 

On t/w (Mrohyg iif I'li'bnit/uiium.—W. B. S«-<tTT, Princeton (Jour. 
Horph. Vol. V, No. 1, Jime, IWl), pp. 74, 3 pis. and figs, in text. ThlH 
learned author's "Contribution to the Phylogeny of the Tylopoda" is a 
t>eautiful illustration of systematic work. He flrst gives some interest- 
ing examples in evolution and then takes up the P'rbrothrriiim, which 
he is better able to describe than any other peraoa, not only on ac<-ount 
of his well known abitity so to do, but also by the fact of the posses- 
sion of an almost complete skeleton: this skeleton having been discov- 
ered by that indefatigable collector. Prof. W. K. Magle, upon the ground 
which n few months later (in 18(H)) was made memorable by the Indian 
outbreak. 1'hia skeleton, together nitli a numlier of other parts, has 
enabled Prof. Scott to render this important contribution, and the 
thorough study of I'lebi'Mhrritini Is indicated by the large numlier of 
pages devoted thi:reto. There is, however, one fault to be found with 
this pa|>er, vis; the method of aiviinr references, which are numbered. 
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and refer to the end of the pap«r, wbereas It would seoni mucb better 
»nil n-ould afford easier reading, to have the usual foot referoncef. The 
author says Protolabii is the connecting link between Proeamelus and 
Pabeothtrium, this Iatt«r beiUR also the forerunner ot the llamas as well 
aN the camels. He thlnka the two specIeB of Procamelat, P. oeeidentali$ 
and P. iiaguttiden*, the starting points of the llamas and camels re- 
spectively. T^totfaijuliit'viXhe forerunner of the White River Pirint- 
theriuiit. The Brldger Iloauifodon is connected with PnntoUtlf» on theone 
hand and Leptolragulut on the other. "If these conclusions are correct, 
it follows that the Tj-lopoda are but remotely connected with the true 
ruminants." The |>o[ntS in which the modern camels agree with the 
ruminants and which ar« absent In the PabroUierium have been inde- 
pendently acquiretl. The monograph closes with a bibliography of 
thirty-four contributions to this and allied subjecte. The three plates 
are niagnlflcent expositions nf the art. 

Thr Tudor tpftiinrn. of Euiooa. .1. W. Gkeoouv, F. G. 8. (Quart. Jour, 
Geol. 8oc. Aug. 1891.) After a thorough examination of this epecimen 
ot Kinoon from Tudor, Hastings Co.. Ontario, the author of this paper, 
supported by many authorities, comes to the already foregone conclurioa 
that it is not of organic origin. It Is f urtlier stated that the rock containing 
the specimen is not, as has been previously descrilwd, leaner Laurentian 
but "Huronlan"' of Selwyn and Vennor. 

iilonetfor PuUding iind JifforiiHon, by GfiORiiE P. MBUKii.t., Curator 
of Oeolog}' in the L'nite<l States National Museum, Octavo, pp. 453. 
New Yorh. John Wiley & Sons, 18111. All quarrymen and builders 
who use atone will welcome this volume. It is the ftmt of its hind in 
America, and It will certainly serve a verj' useful purpose in the quarry- 
ing Industry. Quarrymen and stone users are vcrj' apt to be ignorant 
■of the mineralogy and geology of the rocks they handle, and the crudest 
notions concerning them are frequently current. In this volume the 
composition and other uutural qualllies of all the building-stones of the 
country are set out plainly in simple and n on technical, yet In accurate, 
descriptive, language. This will afford the information that Is so badly 
needed by the ordinary builder, and will disseminate otherwise a more 
thorough and scientific knowle<lge of stone. Of course the acientlflc man 
does not look into such a work for anything new in science. It is not 
addressed to such, hut it cjmtainK many generalizations and summary 
statements In convenient form which will make it also very useful to 
him in reference to those portlous of the subject with which he may 
not be personally familiar. It la a compendious dictionary of tbb pro- 
duction and distribution of stone for construction and decoration in the 
United States, and also contains chapters on the weathering and preser- 
vation of building- stones, and on their couipaiative ((ualities. No one 
has had ampler facilities, and certainl.v no one could be better fitted tor 
the production of such a work thau the curator of geology of the 
I'nited Btates National Museum, where samples of all the buildlDf;- 
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dtooes of the countn' were gathered through the agency of the censnx 
of 188<l. 

Annwil Report, Oeologicnl Sarmy nf Ark'insng, 1888, Vol. iv, J. C. 
Brabsbr, state geologist, Little Hock, 1801, eonttuna: The geology of 
Washington county, by F. W. Siuunim;, and A ll»t of the plants of 
Arkansas, by J. C. Brankkh and F. V. Coville. The re|iort on Wftsli- 
Ington county Is very full. The county embraces a complete section 
Acicea the Lower Carboniferous rocks (Chester, St. Louis, AVarsaw, Keo- 
kuk and Burlington) to which the name " Mtsaissipplan" is applied, after 
the recommendation of the late Dr. A. Winchell. In like manner the 
Coal Measures of the state, represented only by the basal portion — the 
Millstone grit — is named PennaylTanian on the authority of Prof. H. S. 
WlilUms. 

Xeduin't Monlhly, publiahed at Geniiaotown, Fhiiadeiplua, by Thomas 
Meehan A Sons, is devoted to general gardening and wild dowers, but It 
is much more than a gardener's paper, being strictly aclentttic, and con- 
veying much general botanical information. 



LIST OF EPX.'ENT rUBLICATION'S. 

Foreign Piiblicatioui. 

Surface straining of the earth In relation to the ileep phenomena of 
volcanic action. T. Mellard Iteade. (Geol. Ma^. Aug. 1800.) 

Perched rocks near Austwic|c. T. Hellard Iteade {Geol. Mag. July, 
18111.) 

1)n the KllUry bay and Blieve Partry Silurian baain, also notes on the 
metamorphic rocks of northwest Galway. O. Henry KInahxn, (Pro. 
Roy. Irish Acad. 8rd. Ser^ Vol. I, No. 5.) 

On the Drifts of Flamboroiigh Head, (i. W. Lnmplugh, (Quart Jonr. 
Geol. 8oc. Aug. ISfll). 

VL SeieiUijk f^iboriilori'ji nnil Muirum». 

Bulletin of Denisou University, Vol. VI, parti, contains; Some obser- 
-vatiODS on the crushing effects of the glacial Ice-sheet, IV. O. Tight. 



COIJEP:srO>^T>E>'CE. 

yea Zailand fiUiriert. — Thi> glaciers of Mount Coi)k {New Zealand) 
ure not a whit behind those of the Alps In some respects. The longest 
is longer than the longest in the Alps. Then for one ton of Bui>erflclal 
moraine matter the Alpine glaciers carry, tlie Mount Cook glaciers must 
carry five hundred. The Mueller glacier la a mile In width, and for its 
lowest three or four miles i% completely iiurlcd tinder a load of atones of 
All sixes, from that of a railway carriage downward. I got about 6,000 
feet up Mount Cook, and 1 think would have attained the summit If I 
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would have spweil MiMher week. It trill probftU)' be aunuoanted in & 
year or two, u voung New ZesUaders are gettiof to get a pride ia h. aDd 
it will l>e much easier now, aa a 'KAalet'' has just becD completed well 
up tbe nochBtetter giat^erand will affords convenient base of opeiaticHu. 

Although then- if evidence in old moraines, old high lake levels, and 
the like, of a former enormous extension of the glacieia, there is, atran^ 
to say, hardly any equivxlent of tbe till or lioukler clay marking an ex- 
tensive moivne profonde. 

On this subject 1 may say that when in Adel^de (South Australia), I 
went with professor Tate to HsUet'« cove, in Spencer gulf, to «ee bis 
glacial markings. Much discredit has been cast on theae. bat with all 
the assurance derlvcil from havinjE mapped glacial itria- in Scotland for 
ten years almost daily, I recognii^ed these as genuine and unmistakable. 
There was jast as little doubt that the ice which made them movnl from 
soiitb to north; let the fact be e:iplained as it may— whether the motive 
lay in a high land now submerged, or in the heaping up of ice round 
the south pole, lu tbe latter case the ire should have impingMl on 
other parts of southern Australia and ou Xew Zealand. The marking^ 
may not have been recognized because of the prei'alence of soft Tertiary 
rocks unfit to retain iniprensions, or perbape because tbe Idea would 
Heem absurd. Kobbrt I<. J.\rK. 

ToKiuciiU, I^Hf iinlanil, A»ij. j, Js91. 

Mk. CosiitHn AM> THE MriK fibACiER.— In tbe very lustnictire and in- 
teivsting paper by Mr. Gushing in the October number of tbe AMsmc.t.v 
GBOIiOaiBT I was specially attracted hy hig remarks upou p. 331 upon 
the alij^bt changes of level which seem rei-ently to have taken place at 
tbe head of Muir inlet. One indication of the varying phases exhibited 
by the front of Muir glacier is fonnd in tbe buried forests described br 
Mr. Cnshing on tbe east side. During tbe summer of 1886, when I was 
there, those buried forests were not visible. Nor did we observe upon 
the east side any instance of the ire overlapping the sand and gravel, 
though we saw ahnndant instant'ea of both phenomena upon the west 
side. In recurring, however, to a report of Mr. Lamplugh who visited 
the glacier In lr<84, I find that his attention wa^ attractiil i>y (be overlap- 
ping ice on the east side, and the officers upon the steamer told me uf 
having' Heeu buried stumps at low tide in the same vicinity. Evidently 
thi- annual cliauges .uroing on at the front of the glacier, especially upon 
the east side, are very rapid and marked, anil it would be well if arrange- 
ments could lie made to have tliera accurately uoted from year to year. 

I think Hr. L'lishing is pnibably right in his criticiani upon my ex- 
planation of the burial uf tlie forests upon the west side of the inlet. My 
suggestion was tliat "the ilyiug glacier'' bad pusheil eastward during a 
jierioti of general advance, so as to olwtruct the drainage through Muir 
Inlet, anil certainly the twi'itioQ of tbe moraine uitonthissingular glacier 
looks as tliougb it were an offshoot from tlie larger ice-stream thatat one 
time tilleil tlie west fork of (ilacier bay, coming <lowu from mounts 
C'rilliiu and Faimeather. Mr. Cnsliing's criticitim is hIko supporte^l by a 
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fact n-liich I mentioned hut did not full)- consider In niy theory (see Ite 
Age in North America, p. 61), Tiz; that there were remnants of a buried 
foreat on the south end of Headland JbI&diI, which ia lielow the "dying 
glacier." 

A slight modiflcotiOD of my theory, liowever, would meet tbia difBculty. 
namely, that the Icc-stream coming down the west fork of the ;;laoier 
was for a time predominant, and pushed along so far in advance of that 
which eaters the east fork as to obstruct tiie drainage of Mutr inlet, and 
allow the accumulation or sand and gravel which we now llnd above the 
forests. 

While there is nothing in the way of auppoaing a slight subsidence to 
have occurred aufllclent at least locarrydown the buried forest on the east 
side lielow tide level many facts which have been brought to my ot)aerva- 
tion recently in Kngland make me hesitate about briogiag into the theory 
BO large a cause for so small an effect. It hav aeemed to me that posaibly 
those foreata upon the eaat aide, having grown n[>on an insi'cure founda- 
tion, ma; have slightly shifted their position, and that, aa tlie inlet hac 
been deepened bj Che active erosive agencies at work, there may have 
been a slight slip of extensive porlionn of the aoi] upon the east aide, 
so as to carry the burled forests below the sea level. It is poaaible, also, 
that this lowering of their level may have been brought about with little 
or no lateral movement. The occurrence of a l>ed of (luk-ksaad upim 
which the foreat strata rested may have suffered the foundations to be 
imdermined through the action of springs, and thus brought about a 
local fliidsldence sufficient to account for all the faetx. 

Mr. Cushing's presentation of evidence beariug upon tiler ban geahllity 
of the conditions about the eastern sources of ^luir Glacier seems fully 
to justify his critliiam of my remark that these forests may have existed 
l>efore the (jlanial period itaelf. In connection with further atudy of 
the region I wiah attention might bo directed as aoon as poaaible to tlie 
glaclera which enter the western fork of the baj', that we might learn 
whether the changes taking place there are correlated with those upon 
the Muir glacier. li. Frki>ekK'k Whioiit. 

Olifrlia, (t/ii.!, (Iff. JO. 



TKIiSONAL AM) SCIHNTJFIC XKWS. 

TiiK rxiVKR!*.\i.[TV nv (liiM). .\liuost fvcrj' culiic yiinl of 
granite, or iu fn<'t. of rock of any <lei«ori|>tion. cotitiiina from mere 
truceH to often ap|>recial}1e qiuintitiefl of metallic ^tlil intfrmixcHl 
umongnl the mttt4.'rialH forming the rock. Alao. it in n w.ieutific 
fact, and one whirli Iuih Ihh'ii proven by many ac-tuul exiHTinieiits, 
that, for every uvoinlu|)oiH ton of water iu the entire bulk of the 
ocenii, tliei-e will rtvernKe about two graitw i>f j[ol(i. Or. iu other 
wortlH. there will he found nl>out two ^raina [>f fiold in tlie form 
of a chloride of golil, in everi" ton of sea water, whether taken 
fr<nn Ihe siirfaee or at the liottum. Ami. tlien'fore, then' aiv nu- 
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tolil millions of ilolliifH of gold held ill itolution by the wHtPnt of 
the o<¥aii, whioli have l>et'H disaolvwl out of the rocks of tho 
eurttt by the uctinn rif heated alkaline water* oontainin); nilica. 
that havu Hliiwly lenebetl and ]>orenlati^l their way throughout tlic 
creviceft and (xirons snbstann>>t of rockn. dissolving out the infin- 
itesimal partieles of gold. The primarj' source of the gold foun<1 
«t the surface of the earth is found lo lie in the eariicut azoic 
granite; and from these granites it has lKK>n ultere<l and formed over 
and over again throngli ail the sneceeding geological horizons to 
the present period. Or, in other words, the gold of the ancient 
Arehean granites formwl <luring tiie cooling of the earth's cru»t. 
has iK-en dissolved and precipitated and re-dissolved and re-pn.'- 
cipitatwi, over and over, throughout all the rockts of the eitrth's 
strata, from the very earliest Azoic lo the most recent Qnater- 
narj- jieriod. Therefore gold may be sought for in every geologi- 
cal horizon: and has thus l>een found in more or less paying 
ijuantities from the very earliest rocks, up to the recent nltnvinl 
and drift formations. However, in those veins of quarts which 
are found in the ruinbrian ond I^ower Silurian strata, gold, in the 
nietullie state, intermixed amongst the quartz, is found in far 
greater commercial (piantily, than in any other of the prrcc*1ing 
or siil>se<]uent geological horuwns. Wherever gohl has lieon 
found in very large quantity in either vein or placer form, it has 
been found to Im' either in a Cambro-Silurian series of slaty roeks 
nnd (|uartz. or else lius resulteil from the immediate decomposi- 
tion of those rocks. Dr. Wii.i.is K. Kverkttk. 

TiiK r.ii.i'JiKT Axn llKri..v Mise is now worked at a depth on 
the l(«le of over 4,111111 feet with an extent in length of altoiit 
two and one-half miles. This mine is operated by fourteen 
shafts, one of which is a six-eiim[>artment shaft, now sunk to h 
|)erpendicular depth of about 2. 500 feet ; and which when completed 
will l)e npwani iif 5,(HM( feet deep. The aggn^^te power of the 
steam plant in use and under construction is some 37,51)0 horse 
(jower, including one engine of 4,700 horse power luui eleven 
other engines of an averoge of 2,000 horse power each. Tbe 
stamp mills of this mine contain 18 improved Ball steam stamps, 
making from !>'> to !)K l)lows per minute an<i crashing about 4,501) 
tons of rock of the liHle in twenty-four hours. The three jnimp- 
ing engines liave an af^iregnte capacity of '>0, 000, 000 gallons in 
twenty-four lionrs: while another triple expansion pumping en- 
gine, now nearly wimpleteil, has alone the capacity of tJO.OOO.OOH 
gallons in twenty-four hours. Besides the two aand wheels forty 
feel in diameter capable of elevating some 10.000,000 to JS,O0O."- 
OOO gallons of water and l.liOo tons of sand per day, there is 
nearly completed another wheel flfty-four feet in diameter, de- 
sign^ to elevate :(0,«00,00n gallons of water and 3,000 tons of 
sand per day. I>H. M. K. W.vdsworth. 
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APPENDIX. 

A CATALOGUE OF THE PAL>eONTOLOGlCAL PUB- 
LICATIONS OF JOSEPH LEIDY, M. D., LL.D. 

By JoMK ErRioiA"(, Eiwton, Pn. 

Dr. Haory C. Chapinan Id his "Kemolr of Joseph Leidy, M. D., 
LL.l>." (Proc. Acad. Nat. Sci. Plillft., IWIl, pp. 343-388) gives a list of the 
recorded pliblicationa of this celebrated anatomist, !a wMnh there are 
no less than Ave hun(lre<I and llfty-tlirec communications, principalty to 
the Proceedings of the Academy of Natural Sciences of rhlladelphla. 
It U a noteworthy fact that nearly one-half of these comtnunlcatlons 
relate to vertebrate palieontology. Dr. Cliapnian'K complete bibliog- 
raphy exhlhita the wide range of thought, which Dr. Leidy enjoyed in 
the natural Sciences. At thrt conclusion of his memoir, Dr. Chapman 
pays this high tribute to his friend. "Possibly no country ever produced 
"a student whose knowledge was at once so acenrateand comprehensive, 
"He was an excellent mineralogist and botanist (Without claiming to be 
"either, among tlie highest living authorities' on comparative anatomy 
"and zoology, one of the most distinguished helminthologiRtii living and 
"the equal of any palicontologiet at home or abroad." 

1. On the Fossil Horse of America. Proc. Acad.* 3, 18M-47, pp. 
363-BC. 

3. Additional Observations on the Fossil Horse of America. Proc. 
Acad. 8,1847, pp. 362-fiil. 

:). On the new Genus and Species of Fossil Rnmlnantia, Poebrother- 
itim wllsoni, I'roc. Aca.1. 1848-47, pp., fti2-3fl. 
3a. Id. Anil. Nat. Hist. I. 1848, pp. im-tl2. 
31.. td. Am. J. Sci.t V, 1848, pp. 378-78. 

4. On a new Fossil Genun and Species of Rumlnantold Pacliyder- 
mata, Slerycoldodou culbertsonli. Proc. Acad. IV, lH48-4n, pp. 
47-50. 

.■>. Tapirus americauns fossilis. Proc, Acad, IV, 1848-49, pp. 180-88. 

0. On Rhinoceros occidentalia. Proc. Acad. ISoO, p. 110. 

*. Obeerratloiis on two new Genera of Mammalian Fossils, Bucrota- 

phus Jacksoni and Arcliicotherhim mortonl. Proc. Acad. V, 1850- 

:>i, pp. 8fr-»4. 
9. On some Fossil :>Iammalian Iternains. Proc. Acad. V, 1850-31, pp. 

121-32. 
0, On a Fossil Tortoise, Stylemys nelirascensiii. Proc, Acad. V-, 1850- 

51, pp. 124-20. 

10. Ou Fossil Remains of liumiaaiit ungulates from Nebraska. 

Proc. Acad. V, 1850-51, pp. 237-30. 

11. On the Fossil Remains of Balaena palieatlantlca an<i B. priitca, 
from the 3Iiocene formation of Virginia. Proc. Acad. V, 1850-51, 
pp. 308 0. 
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12. On some Fossil Itepttlian and MauiinalUo ItemainB. Proc. Acad. 

V, laiO-.-)!, pp. 88r.-30. 

13. DescripttoQ of a new Species of C'rocodile from the Miocene of 
Virginia, .lour. Acad.* II, 1850-r>4, pp. 18BH8. 

14. On the Osteology of the Head of HippoiHitamus aod a Descrip- 
tion of ihp Oateologit^al Chara<-ters of a new Genuti of Hippoput- 
ainida'. .lour. Acad. II, 1850-54, pp. 2U7-S4. 

13. On BatbyguatliuB borealis, an Extinct Saurian of the New Red 
Sandstone of Prince Edward Island. .loitr. Acad. II, 1850-54, pp. 
827-80. 
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Vol. VIII. UKCKMBER, 18»1. X.i. C. 

JEAN N. NICOLLET. 

N. 11. WiKrIIEi.i.. Mtiini'S|H>ll«.' 

Of that little cott-rie of parni-st gt-olopiMtt, wbo in tlio fourth 
(lecaile of the iircsciit ceiitiiry inaiigiiriitc-() the wystera of imhlic 
siirvt'j-s in the I'liiled States, and fn>m whose ocensionnl meet- 
ings together s]>ru[ig the Amerieaii AssMX'iution for the Ailvunce- 
ment o( Seiotieo, and thenc* much of the {Mpiilar iiiti-rest in 
geology wliich charaelerizeH the present ilecade, Jeiiii N. NicoUet 
ivius one of the most learuetl and enthusiastic. Ill his intercourse 
with others, whether on the frontier among the rude wettlers of 
the prairies, the otflc-ers of the frontier forts, or at the meetings 
of the Association of (leologists, his bearing wiis tliiil of ii enlt- 
nred and mwlest scientist, and he won Itis mpid recognition hy 



•For authority for the historic statements of thia sketch, the reiiiler is 
referred to Che following; TroDsitet[oiiB of the Aasociation o[ American 
lieoUigiBtd and Naturalists, 1840-43. Boston, 1S43, |>p. 32-34; Itrport in- 
tended to illustrate a map of the liydrograi)hical Lasln of the Upper 
Mlssieeippi river made by J. N. Nicollet, while in emplnv under the 
Imrean of Topographical Engineers, Fell. 10, 1841, M'aahingtnn, 1B43, 
r Doc. 237, 26lh Cong. 2d Sesa.]; Paeillc R. R. Reports. Vol. xi. p. 41; 
Minnesota Historical Collections, 1850-58, Vol. i, p. 183; Ditto, Vol, vi, 
pp. 342-45, 1891; Am. Jour. Scl. (1), xi.vii, l.fD, Sketch bj- IVif. H. I). 
Hoiers. ()f all these publications, tliat in the Vol. of the Minnesota Ilis- 
tivical ScK^iety's publications, l>eing a memoir of Nicollet by Uen. H. H. 
Sihiey, is the most important, touching his penwn&l history. Memoirs 
<if my Life, by John Charles Fremont. Vol. i, pp. 30-72, contains some 
interesting details of Nicollet's plans ami life at Washington. Compare 
also Wheeler's Geographical Survey west of ttie lOUtli Meridian. Vol, 
I, p. 548, Washington, 1880, and the Annual Report of the SniltliBonian 
Institution, 18T0, p. 104, The autograph seen under his portrait is taken 
from a letter dated St. Anthony Falls, Jan, 27, 1S»«, now in the poasessioii 
of Dr. K. I>. Nelll, St. Paul, hy whose courtesy it is used. 
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scientists in this country tliroiigli the courteous kindliness of his 
demeanor, no less than through the earnestness of his 7«al. Al- 
though but atwut eleven years of his life were spent in the Unitet) 
States, coming to this countrj' wholly unknown and without 
recommendations or introduction, he entered upon a career whicli 
soon conducted him into the favorable consideration of the high- 
eat authorities of the Government at Washington, and when he 
died he was in the ser\-ice of the Bureau of Topographical Kn- 
gincera. 

Born in France, wlience also came Guyot, and Agassiz and 
l^esquerenx, a brilliant group whose illumination the nineteenth 
centur}' will always bear, he also brought to America and conse- 
crat4Ml to her service a ripe education and great skill in manipula- 
tion of scientific methods. He was bom in 17SI0 at Cluses. in 
Savoy, between (ieneva and Mont Blanc, and died Sept. IS, 
lK4i(, prc»bably at the house of Prof. Ducatel. in Baltimore. Md. 
In boyhood he was obliged, through the poverty of his parents, 
to earn some portion of his livolihooil. The musical ability which 
he displayed in later life, by which he enlivened the households 
of general Sibley and of Indian agent Taliaferro, at Fort Snel- 
ling, seemB to have markeil out for him the most successful means 
of gaining such suljsistencc. With a Ante or a violin, at the 
tender i^jcof ten years, he played at such public or private enter- 
tainments as needed his services. Ke subsequently was appren- 
ticed to a watch-maker, and remainc<1 with him until he was 
eighteen j-ears of age. While carrj'ing on this occupation ut 
Chambry he prosecuted his studies in mathematics, in which he 
became so proficient that he was awarded a prize. Returning to 
CluBcs he taught mathemntics, and at the same time received les- 
sons in Latin and other languages, Aftcrtwoyears he repaired to 
Paris where he wjis admitted to tlie first class in IjKeole Nor- 
male; and soon afterwards he was placed in charge of the mathe- 
matical course in the college of 'Louis le Gnmd. " 

■■It was ill ISIS that Nicollet published his celehrated letter to 
M. Outi-equin Banquier, on ■Assurances having for their basis 
the probable duration of human life. ' This little work gained 
for him a high reputation, affording to the Assurance Societies 
the prospect of establishing their regulations upon the more cer- 
tain basis of mathematical demonstration, and he soon fonnd 
himself courted by flunnciers, while at the same time he was ad- 
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■Bitted into the higher circles of society. Shortly after he wrote 
tor the 'Modern Encyclopedia' several articles on probahilithi, 
jind one npon lutuHrai-re*. It is stated that his knowledge of the 
Knglish gave him a great advantage, in being able to consult 
writers in that language on the theory of assurances in applying 
it to every species of risks, " 

In 1819 and IH^O he made observations upon the lunar spot 
Manilus, and united them with those of Bouvard in 1K06. with a 
discussion of the whole, published in 1K22 and \9,'Z^ in Conaiiu- 
mtnrrt ths Tpmpx. On the 21st of Janunry, 1821, he discovered, 
between six and seven in the evening, a comet in the constella- 
tion Pegasus, seen on the same daj- and the same hour by Pons, 
of Marseilles. lie siil>sequently computed its parabolic elements. 
In H later didcovery of auolher comet (April 22, IBSO) he was 
preceded by M. Gambart. of Marseilles, who saw it on the 21st of 
the same month. We are also inde))ted U> Nicollet for observa- 
tions and computations of other comets, among which may be 
mentioned that of IH23, whose elements he computed. He had 
already labored some time in the Oljscrvatory at Paris, when in 
1822. he enterefl the "Bureau des Longitudes" as an adjunct. 
His position for the future was thus most honoratily established. 
The publications of the Oljservatory will show the pait he t»K>k 
in the observations. He participateil in that great work, the de- 
termination of the dgnre of the earth, by comparing a measured 
terrestrial arc with the celeatial arc ci)rresponding to it. These 
labora were published in ■ ■ConnaisHances des Temps" for 182!t. 
A memoir of his on a new computation of the latitudes of cer- 
tain places, to serve as a supplement to that great work, the 
'-Base du Systeme metrique," was published in 1K28. 

Nicollet was honored by the ilecoration of the Legion of Honor, 
previous to 1K25. and had also the appointment of professor to 
the Royal College of Iiouis l.o Grand. Having also been ap- 
pointee) one of the Inspectors of the Naval Schools, conjointly 
with MM. Keynnud and Geraud he published a coiirsp in mathe- 
matics in three volnmes. for the use of ciindidutos for promotion, 
the second volume, containing geometry and trigonometiy, being 
^ited solely by himself. 

In 1H31 he determined the companitive magnetic intensity of 
Brest, with reference to that of Paris and Brussels, and the re- 
sults were inserted in the first volume of the Bulletins. Several 
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of his communications wei-e inserted in the publications of th» 
Roya) Academy of Science and Belles Lettres of Bnisselu, of 
which he was made a corresponding meml>er. 

In conjunction with this course of scientific promotion Nicol- 
let's financial succeao had kept equal pace, and he had accumu- 
lated a considerable sum of money. New avenues of profit 
opened l>efore him, and tempted by his uniform success, he 
launched Ixildly foith upon a sea of speculation, with firm confi- 
dence in his theory of probabilities. He failed, and with thc^ 
disappearance of his own fortune the fortunes of others were 
involved, lie was forced to seek refuge in the l'nite<l States, his 
former friends being found among his most hitter and implacable 
■persecutors. 

He arrived in this country in 1HH2, apparently having landed 
at \ew Orleans. He was an entire stranger and with limited 
l>ecuniary means. In the progress of a systematic Joumoy 
through tlie states of the l<iwer Jlississippi valley, he made the 
acquaintance of bishop Cluinchc, of Natchez, an<t a fnendship 
sprang up between them which continued till Nicollet's death. 
Through the agency of P. Ohoutcan, Jr., & Co., of St. Louis, 
extensive Indian traders in the Northwest, by whom Nicollet was 
entertained on the most conlial terms, and of major Taliaferro^ 
Indian agent at Fort Snelling, the desire which Nicollet had ex- 
pressed of exploring thoronghly the upiK'r waters of the Missis- 
sippi, and accurately mapping the same, was made known to the 
UnitiMl States fiovemment. In IHii;! the War Department fnrn- 
ishe<l him letters of pvi>tcction and liospitutity, aildrcssed to the 
commanding olticers and Indian agents of the frontier, and at 
the same time the loan of certain instrumenls n«Hlcd by him. 
.Vside from tlicse inconsiLlernblc aids, however. Nicollet entoiiil 
upon a givat undertaking alone, and at his own expense an<l risk. 
He was everywhere ii-ceived with great cordiality. He had been 
seho<)Ie(l lo the social observances which make daily intercourse 
attractive. His mind wait of the higher oitlcr. His mathomati- 
cal and musical aliilities, his delicate physical frame, his unos- 
tentjitious demeanor, his readiness to enter into social converse,, 
and to impart information on topics which are the less under- 
stood and t)ut seldom discussi^d in tlie unsettled conimtinities in 
which he now found himself. aJid his general scientific attain- 
Qicnts. conspiretlto furnish him a passport into the best circles. 
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The late general H. H. Sibley, an<i In()ian agent Taliaferro, tes- 
tifj- to the pleasure with wiiich they received and entertaine<i 
Xicollet doriiig the winter months, at Mendota and Fort Snelling, 
when hit) active explorntionn were suspended, and lie was eiigagwl 
in conHtmctinj; his preliminarj' map. "In those dayn when the 
nearest nettlement of whites was nearly three hundretl miles dis- 
lant, the advent of a decent and intelligent visitor was hailed 
with delight.'" 

Tnti! 1H;!S Nicollet was tliere«fter engaged in mapping the 
region of the upper ^lississippi. He wiis accompaniwi by ex- 
perienced Cftniidian frontiersmen, seleeteil usually liy the ftir 
eompanies, (Olionteau & Co., of St. Louis.) and fre<iuently from 
their own men. He eraployeil for the Hint time in this region 
those methiKis and principles which have )ie<>n the liasis of all the 
more riH-ent suireys. The vnstness of the area which he covereil 
alone rendered it necessary to dei)eiid on mori'inuecnratemetluMls 
for filling in the dettiils Ix-tween tlie points nsti'onomicnlly deter- 
minetl. Wherever Mr. Nicollet went, he was indefatigable in the 
use of the telescoiH' for olisen-ing oocultations and eclipses, and 
of the sextant, with which he was very skillful. With these, a 
jwoket chronometer, nrtifieial horizon of merenrj' and iNirometer, 
he olrtained astntnomie and tojK>gr>iphie results, possessing re- 
markable accuracy for the means employe<l. Mr. Xloollet was 
the first explorer who made use of the liarometer in obtaining the 
*levatii>n of onr great interior country above the sea. An ab- 
stract of the metho<)s anil principles liy which he was governed is 
given in his n'port. and these have ser\'ed as u guide to many sub- 
sctiuent olmervers. 

The preliminary' map which he thus constructed extended on 
the east from the longitude of Madison in ^\'isconsin to the one 
hundredth meriitian. and from the northern international Ijoundary 
to the jMirallel of 'AH degrees and ;{■> minutes, which is just below 
the month of the >IiHSonri river. It emhraeetl not alone the ac- 
curate location of rivers and lakes, and the representation of the 
princi]>al to|>ogra})hic elevations, l)nt it Bhowe<i many details of 
historic discovery and get^raphy, and facts resptn-tiug the W-a- 
tion of the Indian tril)es, and the alvoriginal names for streams 
an<i lakes. Nicollet familiarized himself with early discovery, 
and particularly with the early French explorations, and it was 
one of his aims to resuscitate nnd reclaim for his winntrvmen the 
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cre<1it 'for what they had done, for at that time it had lapsed 
from commoQ acknowledgement. This was freelj- communicated 
to bishop Chanche and to Chonteaii & Co., as well as others, and 
it doubtless served to enlist all French citizens heartily in his aid. 
Col. Abert, chief of the engineer corps of the U. S. army, had 
kept himself acquainte<l with the progress of Nicollet's surveys, 
although there is no evidence of any official oommtmicationa lie- 
tween them. H»m. J. R. Poinsett, of S. Carolina, at the head of 
the M'ar Dei)artment, was also informed of his self-institated and 
self-sacrificing la1)orH. At this time there was a general popnlar 
di>mand. for political reaMons tou^-hing the controversy with (Jreat 
Britian concerning the Oregon boundary, for knowledge of the 
nature of tlie country vrestwani from tlie upper waters of the 
Misaissippi, and when Nicollet, in IH'AS, with broken health and 
exhausted means, repaired to Baltimore, where he again enjoyed 
the friendly hospitality of bishop Chanche. at St. Mark's Col- 
lege, and of Prof. Diicatcl. he was soon olfloially colled ti> Wash- 
ington by Mr. Poinsett for the inspection of his maps and jour- 
nals. Mr. Pi>insett and Col. Al)ert were gentlemen of kiudre<l 
spirits, and they appreciated and esteemed the character of 
Xic<)llet. They also saw at once the iuipi>rtnnce ti» the country of 
securing for the government the materials collected iiy Nicollet in 
his escnrsii>ns. The result was that the chief of engintiem was 
authorized to make arrangements with him for the transfer of his 
maps and journals to the government, and to secure his fnrthei- 
services. Thus Mr. Nicollet found himself designat^l to under- 
take, the next season, under government employ, and with 
abundant means to carrr out his projects, a final expedition to 
the Nortliwest for the piirjiose of completing his map. To this 
expedition was attached Lieut. J. C. Fremont, chief assistant in 
toi)f>gi'apliic and astntnomic work, Mr. Charles Geyer, Imtanist. 
M. de Montmort. a Fi-ench gentleman attached to the Legation at 
Washington, ami Mr. Kirgene Flandin, a young gentleman fn>ni 
New York. The eventful career of Fremont may lie said to have 
commenced with this expedition, and Mr. Nicollet retained him aH 
an. assistant when afterwartls he was engage^l at Washington in 
itnlncing his astn)nomic obseriations and drafting liis final map. 
Two years {IH'A^ and IHHil) were given to field examinations 
under tliese auspices. The second season Mr. Nicollet had. on 
leaving Fort Pieni', in Dakota, a party of nineteen persons, in- 
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eluding Lieut. Fremont, ^Ir. (lever, anrt Capt. Belligny, an oliicer 
of the French army vho wished to ttee the Indian countr}', 
thirty-three horscH and ten carts. The years 1840 and 1841 were 
spent ttt Wa«hingti>n, where Sir. Nicollet had rooms for his work 
in the t'oilHt i^iir\-ey hnildingti on Capitol hill, and lived, witli Fr<'- 
iDont, in Mr. Ilasslor's own house near at hand. lien. Fremont, 
in his ■■Memoiro,' gives many pleasant reminiscences of hin work 
here with Nicollet, and of the associations which they hu<l with 
Xioollets personal friends in Italtimore, where Mr. Nicollet fi-e- 
■liieutly retire<l for i-est and recuperation — for hin health was now 
seriously impaired, and he was aide to make bnt slow head- 
way with his report. The map itself, executed under IiIh immedi- 
ate eye. as the a-stninonuoal i-oiuputations wvk made determining 
the chief points in his itinerary, was chiefly drawn liy Fremont 
and hieut. Scammoti. l)(>th of whom had lieen nssigued to that 
tt<)rk for the iiHsistiinee of Sir. Nicollet. 

- His ofHeial Hui>eriorK were planning larger things for Mr, Nicol- 
let, while his more intimate friends saw with sadness the gradual 
Imt {)entistent d('ca<lL>nce of his health. His map was conipleteil 
ill 1 841. and snhmitteil to Congress. Tiie Senate ordered Itspuli- 
lication under the direction of the Topographical Hurenn. It was 
to lie accompanieil by a re|Kjrt emliracing an account of tliepliyw- 
ical geography of the country represented, together with the most 
pn>nHneiit features in the geology and niinernl rcsoiu'ces of otiier 
sections in the western part of the I'niti^d States not emliraced in 
the area of the map. Mr. Nicollet gave, in 1H41, an account of 
his work, and of his plans, at the Philadelphia mwting of the 
Association of American (ieologists and Naturalists, dwelling 
IMtrtieiilurly on the geolc^cal discoverii>s he liad made. He was 
now at work uihjii his report. He luid the c<»llaltonitive assist- 
ance of |)r. Harlan. Dr. Torrey (in Botany) and to some extent 
of >lea»ra. Conrad and A'anuxem of the New York Ueologicai 
i^urvey. then recently instituted. But lie was greatly delayed liy 
ill health. The more extended explorations which were iK'ing 
jilannedfor bimhad tolH'liiinsferredtohis principal aid. Lieut. Fre- 
mont, who, though then young, was aml>itions, and withal ccitiiinly 
).>etter ((Ualifled physically, for carrying out the designs of the, 
fJoveninient in western explonitiou. Hud Nicollet's health been, 
pqniti to the task it is likely that the great Interior of the North 
Ainerionn cuiitiueut west of the Mississiiipi, would have Un-n cXt 
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plored through the leadership of a Frenchmaa, and the eclat of 
French spirit and enterprise which characterized the early explora- 
tion of that |x>rtion east of the Mississippi, would hare been ex- 
tende<l unlirol<cn to the Pacific shores. 

Mr. Nicollet, meantime, grew reatless and repaired frequently 
to i?t. Marj's college, Baltimore. He was not in condition to re 
<liice to shape the nmterials for his report, which were varied and 
interesting, involving much information concerning the ahorig- 
iiies, Mr, Sililey says that he knows that Mr. Nicollet coii- 
tewplatcd. when his materials Should lie elu)jorate<), a work of 
scA'eral volumes, reflating to the geology, topography and geo- 
graphical position of what is now Minnesota, and discussiug 
many inter<>sting topics connected with the Indian tril>es, and with 
the mound-lmiklers. The only publication which resulted firtni 
this mass of material, was that small volume which was printed 
by order of the Senate, dated Feb. IC, 1841, descriptive of his 
map, and published in 184:t. The short report which accom- 
panit>s the map was Iteing printed. Me was revising it, as it wa« 
i-eturntHl to him for the puiixiHC, but he never saw its completion 
in printed shape, lie died in the fall <jf 184;^, and the "Intro- 
duction"' was left incomplet*. Col. Abert, tc whom the report is 
addressed, adds this explanatorj' note, date<l Sept. 1.4, 184H: 

Thus far Mr. Nicollet had wrinen of his introduction, wben death put 
an end to his loltors, and before he had been able to revise his report, 
which had been returned to him (or that purpose, and also to add the 
astronomical observations upon which bis calculations were founded. 
Tliese observations form parts of hia journals which are to be deposited 
in the Buieau of the Corps of Topograpblcal Engineers, 

Lieut. Warren s{)eAks of having consulted these journals in 
1857. when compiling a general map of the western territories 
for the Pacific Railroad surveys. He distinguishes tbe map of 
Nicollet, which is now a very rare and valuable document, as 
■■one of the greatest contributions ever made to American geog« 
raphy, "' 

Nicollet was rather an astronomer and geographer than a geolo- 
gist, yet he made (then) important contributions to the small fund 
of geological knowledge which was possessed of the Northwest, 
and he laid out in the form of his general map, a basis for future 
geological examination better than any enjoyed by the central aud 
southern states of the Mississippi basin. His map and short ex- 
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pltinatory report alao senc us an invaluable peq>etuating link, 
preserving with great accuracy, many aboriginal geographic de- 
tails and uniting early French exploration with recent known data 
through the agencj- of an appreeiiitive and accomplished French 
iscientist. 

When lie Imit left the Nortiiwest. after sjjending several weeks 
with general Sihiej'. at Mendotii, he made hin way. in the fall of 
18:t!l, to Bedfiinl, Pii.. to the home of his friends, major and 
Mrx. Taliaferro, where he remained through the winter, and 
where he was so feeble that he had to l>e carefully nursed and 
treated with the Ik-hI medical attendance. It was doutitless dur- 
ing this visit that was miide the small ivory painting, which has 
furnished the liitsiH for the |>ortrnit which accompanies this paper. 
Two photograph copies (vignette size) were presented to the Mio- 
nesota Historical SiK'iety in 181)7. by Ma}. Taliaferro, and are 
now preHcn'ed in its archives. Of one of these this portrait is 
an enlargement. The original has the f<)Uowing inscription on 
the reverse side, in Maj. Taliaferro's own writing:* " Photograph 
from ]>ainting on ivorj- of .1. X. Sicollet. 1830. Photographed 
1867 and pn'scnted to the Minn. Hist. !'<oc, by Lawrence Talia- 
ferro, Aug.. 18li7. R. T. (Jettys. BccifonI, Fa." 

Of tlie Inst days of Nicollet we know but little. There is no 
doubt, however, from the statements of Gen. Sibley, and the 
facts recorded by Gen. Fremont, that his tine physical frame was 
■over-taxal liy the deninnds made upon it l>y the fiery spirit which 
animated it. and which drove liim through the hardships and toils 
■of his frontier campaigns. Tlie bunlen which was n\>na his mind, 
again, arising fn>m the lofty ideal lie had formed for the publica- 
tion of his seientific report to the (lovernment, wore on him con- 
tinually, and as time passe<i, and his ner\'ousness did not dimin- 
ish, bnt rather increased, and tiie accomplishment of his purpose 
recede<l from him as the months wore away, he became irrita- 
ble and more and mcire prostratetl. Al)ont this time, also, ac- 
'Cording to (ien. Sibley, through the hostility which yet pursued 
him on the part of some of his old associates in business atfairs, 
Ue failed of election to meml>ership in the Academy of Sciences, 
at Paris, an honor which he coveted. He had the support of 

*Th Is has been mil further enlarged Into a life-size oil painting, by 
Mr. B. !^. Hayes, an artist ot Minneapolis, and bangH in the office of the 



D,g,Nze:J.y Google 



362 Hie All)fl-i'?Uli G'-tHitjl>tt. I>wembrr, 1*1 

LaPlace. but the opposJtion of Arago. wbo wait characterized by 
I^PlRce as the -great elector of the Academy." Thk n'sa a 
mortal blow and he fade<l away rapidly on learning of It. for he 
had been duly nominated liy uome of his scientific friendx in 
Paris. 

I fain would dwell on the l>eaiitieMof MUch a ehuraeter. It whh 
an exotic plant, forcibly tranaferred from Inxuriuncc to the com- 
parative desert and hurehneas of our northwetitem frontier. It 
bloomed for a short time, disHeminating unHtinteiUy its frngrance 
on the nurroiinding atmosphere, biit the colds and common l)tasti« 
of our unHuitcd social climate, though wholesome to the Ameri- 
Ciin-bred spirit, were unfit to nourish his delicate ciuistitution, and 
lie droopetl, fade<t and disappeared, leaving to ns a remembrance 
of a bright »oul, a gleam of a pure character. — a wearieil fire-fiy 
Mtniggling in the tempest, a n>se that wasted its fragrance on the 
desert air. 



GENESIS OF IRON ORES BY ISOMORPHOUS AND 

PSEUDOMORPHOUS REPLACEMENT OF 

LIMESTONE, ETC. 



((.'ontioueJ triim H>e .lu<Ti'--ii J»urmil of Sri.ar>; Vol. xm, Sept , 1«11.) 
Progressive studies of stratiform iron-ores thnnighout the 
geologic series of stratiflcd rocks, have led to a wide — almost uni- 
versal — acceptance of explanntions of . their develo|)ment ns 
procluets of chemical transmutations, or epigenesis. So fur as 
iHised on uncpiestionnble chemical reactions, these explanati<ms 
differ mainly as to their appiiontion lo given (x-curreiici.'s of iii>n- 
ores. What may \w termed the replacement theory, has ix-eii 
held during the last dwade to have a wide application, especially 
rm this C()ntinent, to iron-ores on horizons of originally ferrifer- 
ous limestone anil other calcareous material. However, the a|)pli- 
catitm of this theory may Ik- restricted fmm consideratiims of 
synchronous, or immediately successive, accumulations of the 
two kinds of material — calcartHJUS and ferrifennm, it will ob- 
viously 1k' much the wider if it may be l>elieve(l that replacing 
salts of iron are ()ften from extraneous sourci's, and that the pro- 
cess of replacement or chemical interchange is thi-ongli circum- 
stances of atmospheric and to|>ograpliic, as well as slratigraphic 
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or lithologic, environment. This I liave endeavored to show in a 
recent memoir. By way of continuation of that memoir 1 proceed 
to instRDce a numher of examples illustratin); the general poiota 
under (liscnsaion, 

/. Lon Oi-fi: 'if Ihf. S'ih-cirl,oin/<-r„iix Liiilfttone o/ eiitlen. 

Psendomoqihoua replacement of Sub-carlHtniferons limeiitoue 
l>y reddish brown limoiiite was recognized by Shaler as tiie mode 
of occHirence and geneeiH nf well-ltnown developments in eiistern 
Kentucky.* The source of iron salts is referivd to overlyinjt 
eoal- measures, all more or li'ss pyritous, and miiirdy consistiny of 
siliceona sediments. Replacement has taken place uniiiiially, 
apparently as circumstances of environment have varied. This 
has procee<ted from without inward, tlwt is. from aliove donn- 
wanl. Cross-fissnn« and anfniotnositii-s thronghout the mass 
attest ci>iitraetion. The dej^ree of chemical ivplacement of 
limestone is in meuMure of vertical sections of ore-dejiOHits. 
These often rise above the ^-neral level of the top of the lime- 
stone, owing to comparatively even shrinkage or chemical erosion 
(if the limestone through solvent infiltmtions. 

Occasion will Ih- taken to refer to similar occufrencea in Ohio 
iin the same horimin. 

//. n.i,lmrm.->,l of ,-;niJ-.<>.-k [U>,>.->it->»i-\ Cxlui. 

In tracing the genesis of some very remarkable isolated bodies 
of mixed brown and red hematite (tni'git*") occurring <m the sinith 
coast of tiie eastern peninsula of Cnl>a, I descril>e<i them in tlie 
year 1SH4 as replacements of limewtoiie in the form of elevated 
and disrnpted cctral-reef, or only partially indurated coralline 
limestone, t The rephiced ]nass<<s of limestone still retain sur- 
faces characteristic of planes of fmi'ture such as may be ob- 
served in cost4kl cliffs of emerged coral-reef. Indistinct casts of 
cornllnm partially tninsfornied into hematite are occasionally 
foun<l. the cells iH'ing filled with chlorite. Thecoudition of form, 
therefore, almost indispensable to pn)of of jtseudomorphous re- 
placement, is not altogether wanting. 

Si>me idea of the im)K)rtaiicc of the scale on which replace- 
ment in this instance has l>een effected may be fornie<l from the 
fact that the ore-lN)dies refemMl to supplie<l during the year IHKli. 
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not less than 362,068 tons of iron-ore, tbe product of a single 
operation, that, namely, of the Juragna Iron Company. This 
product was over one-quarter of the total imports of iron-ores in 
the United States for the same period. 

The same examples of molecnlar replacement oii a grand or 
petrographic scale will serve to illustrate dependence of this mode 
of epigenesis on circumstances of environment. These are seen 
to have Iwen particularly favorable, as was also tbe extreme 
iwrosity or permeability of the original coralline material. Suffice 
it to mention (1) envelopment of masyes of this material with 
l>a8ic eruptive diorite, rich in iron silicates; and (2) climatic con- 
ditions specially conducive to secular weathering of superficial 
rocks. 

Some of the iron-ore bodies exhibit concentric stnicture, a re- 
sult of progressive weathering — the same as exfoliation on a 
smaller scale-— easily mistaken fur quaquaversnl dips. Numerous 
shrinkage froctnres due to contraction incidental to alteration, as 
well as larger manifestations of mechanical fracture, are filled 
out with chloritic material from decay of the dioritie magma and 
detritus. Thus masses of iron-ore are reticulate<l with bands of 
chlorite. 

Incidental to sccniar decay of the mantle of diorite enveloping 
masses of limestone, chemical intei-ehange or double decnm|>osi- 
tion was effected l)etween fixed calcic carbonate and dissolved iron- 
salts. Ferrous carbonate, directly passing into ferric hydrate, 
was left behind, and lime salts were dissipated. The partial de- 
hydration of ferric hydrate into ferric oxide (turgite), the product 
of further alteration, may, as shown by Davies and Rodman, 
proceed from only slight elevation of temperature.* There is no 
evidence, however, that these ore-lK>dies liave been deeply buried. 
Indirect replacement in this instance has therefore l>een under 
exposure to an oxidizing atmosphere. 

The metasomatic development of the ii-on-ores at the base of 
the Sierra Maestra dates from an era no more remote than the 
('enozoic, when this coast range was added to the island of Cuba. 

IIT. Replwcmmt of Curhonijerotit and Siluri'in Liwetlonel, 
Colorado. 
Mr. S. F. Emmons has shown extensive replacement of Lower 
Carboniferous and Silurian limestones to liove resulted in occnr- 
*Jour. Chem. Sor. ii, iv,fl9. 
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rciices of iron-ore, a mixture of hematite aad magnetite, in Breece 
Hill, and of limoiiite ns well as a more or leas ferriferous gangae 
of epigenic silver ores at Leadrille, Colorado. Here transmuta- 
tion has l)een etfecte<) between limestone or dolomitic material 
and iron sulpbates through aqueous infiltrations from adjacent 
intrusive porphyry. In the decay of the porphyrj' is involved 
vitriolization of pyrit*, contained in this rock up to four per cent. 
The process of deposition of silver-ores as well as of ferriferous 
material, as concluded by Ummons, '-was a metasomatic inter- 
change with the material in which they were deposited, " That 
is, '-the material of which they were composed was not a cleposit 
in a pre-existing cavity in the rock" (limestone) but "the solu- 
tions which carried them gradually dissolved out the original 
rock material and left the oi-e or vein material iu its place. ""^ 

Oocurrenees of limonite near Hot springs, Colorado, as de- 
scril)ed by Mr. C SI. Kiilker, also alTonl striking examples of 
replacement of limestone, t 

IV. Rrpl,u:m<-,>t <.f I'pj,^,- ,W«r/-'H (a,;,to„) Lim.-»ttmef. 

Parts of thin fossilifenvus limestones of the Clinti>n group of 
strtilii are often replaoetl by red and brown ferric oxides from 
extmneons soiirces. In the Appalachians of southern I'ennsyl- 
viinia. for example, where I have long had opportunity of closely 
ol)Mcrving tiic! mcnle of ix-currence of these ores, (-specially iu 
flanks of Tussey. Dunning 'sand Will's mountains, fossil-ores, so- 
called, rarely cMilitic. occupy the weathered zoiu- of highly fos- 
siliferoMs )M<ds of limestoiut iutercaluteil with shales and sand- 
stones. This rejilaceuieiit has been wrought esiK'cially in sti-ep 
dijKt by inflltratuxw from drainage of adjacent ferrnginous strata. 
purtieularlyof un inferior-series outcropping toiwgraphically higher 
in the Hanks of these twiiullel wall-like ridges. At or near water 
level or drainage level, and in to|iogmphical positions uufai'or- 
ulileVi weathering action, or to sources of infiltrations, replace- 
ment has ln-eii found t<j cease. Super -saturation as at water-levi-i. 
and impenetrstion of solutions from tojHignipliical eunses are 
e((nally unfavorable for this process. 

In portions of limestone IkhIs lH>rderiug ravines down the 
mountain -side, dissolution of limestone sometimes has faiW 
alMJve immediiite drainage level to Ih' attended with replacement 

540 
■, 2B6. 
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of ferric oxide. Yet in such circumstances the limestone lias 
given waj' to the diaaolving action of passing waters, leached 
insoluble residues retaining its original structure, as well as 
moulds of fossils, occupying its place along with creepings from 
adjacent strata. Here transmission of seepage water bas proved 
too rapid for other than solvent or destnictive action to have l»c- 
«ome sensible. 

Another local circumstance is also desen'ing of mention. It 
IS this. Opposed to a rapid transmission of infiltrations in water- 
sheds between successive cross-ravines is a barrier known as Red 
Ridge. Constituted of a compact series of arenaceous aigillite, 
this is locally developed at the top of the Surgent shales, and 
stratigraphically above, bnt topographically in front of, the plane 
■of the ore- limestone. Near where this barrier ia scored by cross- 
ravines, underground as well as superficial drainage has become 
Bccelerate<i Pre^er^•ation of Red Ridge from local erosion bas 
therefore come to Ije reganled in Bedfonl and Huntingdon coun- 
ties, Pennsylvania, as indispensable to a favorable development 
of the fossil-ore l>ed back of it, or to the absence of "wants." 
W these the distribution iiud extent are thus mainly determined 
l>y conditions oC underground drainage as affected mostly by 
topographical features. Oentle dips under steep slopes are for 
obvious reasons inconducive to infiltration. 

The above remarks directly apply to the mui'e or leas hydrous 
fossil'Ores of the Appalachian ridges in southern Pennsylvania, 
ns distinguished from oolitic hematites, or dyestonc ores, like- 
wise <leveloped in favorable circumstances on lower horizons of 
thin crinoidal limestones within compass of the Clinton or Sur- 
gent formations. Both types of ores, and often l>oth series of 
developments, are generally referred to indifferently as Clinton 
fossil-ores. The strati graphical relations between these two aeries 
of developments, even where l>otb may he recognized in a lingle 
ridge or section, are extremely variable. In southern Pennsyl- 
vania, where the Clinton shales attitin a thickness of nearly 1,^01) 
feet, the foasil-ore bed is alwut 40*l feet above the horizon of the 
Frankstown oolitic or dyestone ore, which in turn ia about SOO 
feet above that of the block-ore, so-called. All of these ores owe 
their development, as I believe, exclusively to secular replace- 
ment of elevated parts of these limestones — not, as sometimes 
explained, to direct sedimentation in whole or in part. For 
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wlierpvor oolitic iron-urea are developed withia the Clintoa aeries, 
they are found to graduate into non- ferriferous limestones, more 
or lesR erinoidal. And usually in circumstances oulj' moderately 
favorable to weathering action. An equallj' significant fact is the 
absence of valuflble iron-ores where the Clinton limestone, as in 
southern Uhio, is massive and unaccom[>anie<l by a considerable 
thiekneHS of overlying shales. Wherever, on the other hand, the 
limestone occurs in nnmerous thin beds, and so alternates with 
more or less ferruginous shales: or again, wherever overtopped 
by shales, it seldom fails, especially in steep dips, to graduate 
unequally into oolitic hematite by replacement. Kven in Ohio, 
where the Clinton group is represented by a single but compara- 
tively thick limestone memlwr under gentle dips, the upjter por- 
tion of the limestone is sometimes replaceil by hematite," though 
of no economic importancp. Imperfect replacement likewise 
occurs where the limestone l>econieB shnly and expands in thick- 
ness. 

N on -ferriferous Clinton limestones, more or less magnestan, 
into which tncir associateil Iron-ores graduate, may be assumed 
to have l>een de|H>sited in clear and mmlerately deep continental 
seus. That these seas were ramified by all but insulated land- 
snrfaees is indicated by the abundance of intercalated siliceous 
sediments from sub-alirial rock-decay. It is sometimes held that 
tliese limestones, and at least the oolitic hematites developed upon 
the same horizons and passing into each other, were necessarily 
deposlte<l together. Yet direct ferric precipitation from ex- 
tremely instable natural solutions of ferrous salts cannot well lie 
lielieved to have taken place so fur from inlani) sources as where 
conditions existed favorable to the accumulation of non-siliceous 
and expansive limestones. 

Again, notwithstanding the fact that the Clinton iron-ores merge 
into pure marine limestones, have they. on the other hand, sometimes 
l(een assumwl to afford proof of wide-sprend marshes. A theory of 
this kin<l, however, is likewise oppcfse^l by the ntKiressity of at- 
tributing expitnsive limestones of the Clinton type to mid-sea, 
and inferentially deep-sea, dciwsition. And the olijection still 
stands that ferric hydrate in suspension, no more than ferrous 
salts in solution, can have miiterially contributed ti> marine non- 
siliceous limest^ines. The conclusion therefore seems Justified 

•Geol. Surv. of Ohio, vi, 12. 
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that whatever coiuidemble proportion of feiriferoas mutenal was- 
deposited within compass of the Cliuton limestones, was alter- 
nately deposited in the form of siliceous sediments represent«<l 
by intercalations of shale. Such intercalatioTis are common in 
Pennsylvania and Virginia. A less theoretical objection rests on 
the fact that the distribution of the Clint^tn iron-ores clearly de- 
I>endB on secondary, and wholly iwivcntitioHs, conditions connected 
with topography and environment.* 

The application to the Clinton iron-ores of the views tliacuseetl 
in the continued and present memoir, fulls in with the conclusion 
of Mr, Aug. F. Foerste, published since the above was written, t 
Microscopic sections of Clinton, dyestone oolitic iron-ores from 
Pennsylvania, G-eorgia, and Ohio reveal, according to Mr, Foerste. 
all stages of replacement of calcic carlionate, l>oth cement and 
oolitic granules, by ferric oxide, the granules being fragments of 
Clinton species of water-worn l>n-o!!ouns. "In no case, however, 
was anything noticed leading to the opinion that concretionary 
segregation of iron had taken place either an)nnd the bryoiioun 
fragments or otherwise, t^im[)lc replacement of iron-ore was 
the rule, the attack lieing m:ide first on the exterior parts of the 
grains. " According to the same observer similar occnrrences are 
found throughout the Clinton belt wherever oolitic imn-ores are 
<levelo|>ed. 

V, Rfplnrfiafut nf Cdrh'iii i/cmug Lim^tonen. 

T'pon any theory of cpigcnesis of siderite, sphaerosiderite, and 
sideritic limestone, their grciitev distribution would seem to Ih' 
natural under con<)itions for their pifscrvsition unallcnil, such as 
may he recognized In environ uieiits where »tmospherie air iw dis- 
placed V>y mixtures of liydn>-carlx>n giwes and ciirl>onic aniiydride. 
lis in formations of the CarlK>niferous period. 

The Ho-called upper limestone-ore in eastern Keiitncky. is, like 
the Sub-carlH>niforous or lower lim<'stone-ore of the same region. 
descril)e<l l)y Shaler, a product of alteration of pseud omorphous 
siileritc after Iimest4>ue. This is a replacement of iip[>er |)arts. 
of the Ferriferous limestone (lividiiig the f.owcr Coal Pleasures, 
and oo-extensive with the same division of strata in western 
Pennsylvania, West Virginia, eastern Kentucky and southern 
Ohio, where although known under a common designaticm. it is 
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ako soiniitiiii<<9t otborwiat' iileiitifled. According to Orton, tbis is 
the Gray limeatono o( Newberry, tlie Pntiinm Hill limeetonc of 
Andrews, the Ferriferona limestone of the ssime author, and the 
Gray and Ilangiag-Rock limestone of Orton. The iron-ore, with 
which )>arts of this limestone arc replaced, 1)oth in the form of 
sidcrite and of its altered pntdiict, i» identified with the Clarion 
ore and JJuhrstone ore i>f western Pennsylvania, the Baird ore of 
the Hocking \''Hlley, the LiuiCHtone-on^ of sontlieni Ohio and the 
Upper limeatone-ore of north-eiwtern Kentucky. Over 200 
bitut- furnaces in these regions have drawn w supply of iron-ores 
from this jMrticular horizon.* The average thickness of the rt.'- 
plitcemenUt in southern Ohio is, according to Orton, al)out 10 
inches, and further to the iioilh :ilH>iit 8 inches, though itaid by 
Hunt to \yv often two or three times these averages, as in Vinton 
County, t 

Superior {xtrtions of the Tpper and 7,ower Fre<'|K>rt lime- 
st'Mies of the I.ower (!oal Ifeasun-s iire likewise commonly re- 
phieed with sideritc. This passes by alteration into limonitc, 
sometimes) in the form of concretionnry blocks or nisbiles from 
exfoliation or weathering of prismatic )))ocks, sepanited by eon- 
traction dite to chemical tmnsformatinn. Severul hori//>ns of 
sideritic limestone are identified in the same series in Pennsyl- 
vania, West Virginia uiid Maryland, more or less distinctly 
graduating into non- ferriferous limestone. Among similar occnr- 
rences in the liower Barren mi'tisures is the Johnstown siderite 
or ferro-caleite, identified with tlie Mahoning sandstone group, 

Mr. Biiyard T. I'utnum. referriiig gencrully to the limonitcH of 
the Coal Measures of I'eiipsylvania, remarks that they occur 
along the otitcrf>pM of limestone -beds, and are in general siuiply 
the wcuthercd outcrops of seams of ciirlnuiate-ore.t 

AtK>ve the hori^ion of tile Sub-airbouifemus limestone in Ohio, 
whi<!h has been shown to 1h' i-e|)lac<Hl in part witli sideritc or its 
drivatives, that is, Ijetween this horizon and thai of the Ferri- 
ferous limestone, sc\-end limcstoncH of the (.Conglomerate series 
ait' likewise apt to lie replaced with sideritc in a more i)r less 
altered stnUv Siich occurrences arc notably the Zuar or Blue 

*(>rtoD, Uev, of Stratigraphical Geol. of eastern Ohio, Columbus, 
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limestone of Newberrj', and the overlying Gore limestoDe of 
the Hocking Vallej- — both members of the Mercer group of 
strata. 

Many well known horizons of siderite in Pennsylvania an<) 
Iwrdering States have been described by Stevenson. The Mount 
i^avage ore-group of the Conglomerate series is worthy of men- 
tion." One plate or more of siderite occurs in the Mauch Chunk 
red sliale. In many places local lenticular stratiform plates of 
siderite extend for a few hundreds to a few thousands of feet 
with a thickness up to four feet. In the Vespertine of fireen- 
brierCo,, of Virginia, an occurrence of this kind has been <le- 
scribed by Rogers, and more recently bj- Mr. W. X. Page.t 
Comparatively thin, lenticular or stratiform developments of this 
description may l>e assumed to be complete replacements of non- 
pttrsistent limestones of estuarine origin. 

Incomplete replncements of Carboniferous and i^ub-carlmn- 
iferous limestones of the Appalachians are, on the other hand, 
ilevoid of terminal edges, or other well defined demarcations such 
as appertain to lenticular beds conformable to the conflguration 
of hydrographic basins. They are thus perceived to be wanting 
in characteristics uf sedimentary or metamorphic deposits. 
This obviously would not lie the case, if these developments were 
primarily due to mechanical or chemical deposition in the natural 
order of succession of l)e<is by which they are enclosed. That 
they do not occupy pre-existing cavities produced by mechanical 
or chemical erosion is likewise certain from the fact that they 
sometimes mei^e into limesttone. That they are. not crystalline, 
or characterizetl by other phenomena of segregation, is conclu- 
sive negative evidence of .some other origin. Thus, there seems 
to lie no alternative but to consider these developments due to 
molecular replacement of limestone, of which mode of origin 
indeed there is no lack of positive and direct proof. Hence, in- 
ductively, again the conclusion that complete or strictly pseudo- 
morphous replacement of limestone has been wrought in the case 
of stratiform developments of siderite and its derivatives, the 
iron-ores still retaining perhaps physical features of the original 
limestone in common with stratified deposits. 
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VI. Lhnonilei (and cryBtaUiae {roa-ore») of ihe Lower Silurian 

That epigenic relation» of some stort aubaistbetween the limoa- 
ite8 and the Lower SUiiriau limestones with which they are asso- 
■ciated tbrougbont the Appalachiao valleys, was (iistinctly point«(l 
•out liy W. B. Rogers over half a century ago. Their relation 
with ferruginous shales and sandstones alternating with the lime- 
stones is almost equally iutimatf. Not only waa the epigenic or 
secondary origin of these limonites recognized by R^ers, bnt 
their mode of occnrrence, that is— not as consecutive memi>ers of 
formations between which they outcroj) and often appear to be 
imt)edded, but aairr^iular accumulations ci)mparatively shallow or 
altogether superficial. Sometimes lining, so us to occupy, 
enlarged fissures of stratiflcatioii for a limited extent, they 
an^ still liable to lie mistaken for regiilnr or bedded depos- 
its, Others, (X'cupying in like manner enlai^Ml fissures of 
oleavi^e or jointing in limestone, are sometimes assume<l to he 
of the nature of segregations or mineral lodes. But their 
most common occurrence is in what is often descriheil as super- 
ficial basins or other depressions on imperfectly drained sur- 
faces and slopes upon a limestone floor, in pro.'cimity to lime 
stone, or within compass of its extendt'^l lines. This superficial 
association of limonite with the Silurian limestones themselves is 
sometimes considered to l)e simply owing to the cavernous condi- 
tion of limestone, and to its liability to unequal erosion; whence 
the occnrrence of local depressions, or sink-holes produced by 
subsidence, which .have eventually become repositories of iron- 
()reB from purely adventitious precipitation of ferric hydrate 
from passing waters. Pre-existing caves and crevices are like- 
wise assumed to Ijc so filled out with this deposit, or even by 
mechanical accumulations or ' 'in-wasLes'' of ferriferous material. * 

To the general, or even a wide, application of such a view to the 
occurrence of important deposits of irim-ores serious objections 
are opposed. First, caves and cavities of this kind have been 
produced by solvent action of circidating water. Second, wLat- 
'ever insoluble pn>ducts, including ferric hydrate, are separated 
from moving waters remain in suspension and finally escape, 
Third, possession of superficial depressions by detritus, calo- 
.schutt, etc , prevents them from becoming open receptacles of 

"Newberry; School of MlasB Quarterly, Nov. 1880, Reprint p. 1«. 
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unmixed chomioal iirecipitntes. Displacement of detritus mael 
tlicreforc precede separate deposition of homt^neous material, 
cxoepi hy molecular replacement of limestone surfaces, caJcar- 
(1IIIS detritus and calc-schutt. Physical displacement happens, if 
At ull. 1>y means of torrenti^, from which again no chemical 
(IeiM>sitton taki'S place except possibly liy replacement, or at least 
irtily for a time. Important <leposits of limonite free fnim de- 
tritul admixture, even of clay, ordinarily, at least preclude an 
explanation of their mechanical accnmiilation in pre-existing- 
cavities. 

Yet it is true that among the great variety of circumstances of 
rnvironmcnt and topography in which development of limonite has 
taken place on horizons of ].iOwer Silurian limestones, inatances 
there niv where caves, cavities and enlarged cre\ioes. once chan- 
nels of rapid tranwmis.iion of waters, have eventtially been ob- 
Btructeil by falls of rock or otherwise, and. so cut off from 
drainage, have finally Utiime iiuicMcent reser\inr8 of mineraf 
waters. In this way vacant simeea iu calcareous Ix^ls may in 
some instances have lH>c<ime reixHtttoriea of uninterrupted deposi- 
tion of ferric hydrate either hy precipitation, or by indirect re- 
placeraent of limestone Nurfaces or calcareous contents. Limon- 
ite as sometimes iK'cnrriag. and iteuring evidence of having 
prolmbly iR-eii formc<l in this way, has proved not uncommonly 
mon- enduring than the limestone itself, the dentructive erosion 
of which it lias surviveil in the form of outlying masses. 

Urdinnrv accumulations of limonite thrown down in caverns, 
sink-holes and other doprt-ssioiiH ah>ng with detritus, within the- 
limestoue iire-ljelt of I'ennjtylvfluia, have liecu well characterised 
by Mr. dlnvilliers,' Some of the olistacles in the way of a l>e- 
lief that pn'-existiug cavities often afford lodgement to im|>ort- 
ant ore-ilcposits have bwn aptly state^l by Kinmons.t 

rnalterwl siileritB iu irregular Hlmi>cil maHscs. .sometimes oc- 
cui-s in the midst of limonite in ore-banks n|Km horizons of the 
Jrfiwcr Silurian limcstcmos as in <'olnm1iiu and Dntehcss counties, 
X. Y. : at Itichmoud and West Slockbridge, Mass.. and at a few 
jminls in Pennsylvania and Yirginia. Thes*; occurrences af- 
fonl whatever groimds bo found for a theorj- of original 
deposition of concentrated fern>UM carbonate, intermittent, that 
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is, aud even concurrent with sedimentation of the material of 
theae massive limestone formationu. Any chaiigu of Hedimenta- 
tioD, snch as contemplated in tins theory, even if cliemically 
supposable, would have resulted in lenticular configuration of 
aiderite, or of Its derivatives, a feature as alxive jwinted out, 
prol>ably possessed by siderite only in the case of complete or 
pseudomorphous replacements of lenses of limestone. 

1 Irnve, in a previous paper, described lenticular occurrences of 
siderite at Burden, ('olumbia county, X. Y., on the horizon of a 
tbin non-persistent and probably estuarine l»wer Silurian lime- 
stone.* Whatever theory lie entertained of their epifjenesls, thin 
must l>e i>erceiviHl to be closely connecteti witU overlying clastic 
ferruginous accumulations, the whole series occupying in-shortt 
depressions in an un<)uhiting Inittom overs|»read with calcareous 
material. In the j>aper referred to. these Iwisin-like deposits, 
which in point of ideutificiitioti with Silurian racmlwrs. are, I be- 
lieve, so far as known without ])arallel in this country, were siib- 
Htantially explaincil as prolubly instances of phgHicil replact^ 
ment uf limestone by fi-rriferous accumnlations, graduating up- 
wards into ferro- calcareous j^rits. The tratiBgressive character of 
these grits appears from the fact tlrnt their development is limited 
tit tiu' liasiJis themselves. Their thickness in any gi^'en v(>rticul 
section is pro[>ortiouul to the thickness of the ore. The grits as 
well as the siderite are distinctly lenticular. The siderite was 
consi<Iered as a metnmorphic product from reduction of ferric 
hydrate in reaction with commingled organic matter. 

Having since eome to the conclusion, through a critical exami- 
nation, in another place followed out, of the several theories of 
eplgenc^is of siderite to lie found in treatises and text-books, that 
all are at variance with chemical obscn'ations. or opiwsetl by objec- 
tions on physii^aphic grounds, 1 am now forced to believe tltat 
these interesting! ICC nrrences require a ditferent explanation. They 
seem, inddul. to premtnt no exception to the explanation of epi- 
jrenesis of siderite by chemical replacement of iilkuiine mono- 
carlKinntes, but on the contrary to atTord striking exiimples 
of complete or tMeudomon>hoiis replacement of limestone 
lieds. 

Indirect replacement of limestone (II) by limonite at the Hurst 
ore-bank, TV'ythe Co., Va,. has been graphically dcserilwd by 

•Am. Jour, of Sc. xl, IHSH), ir).'i. 
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Mr. Benton. * A asefal section of six feet by this observer sbows- 
beneatb the aoit (1) limestone, with crevices filled vitfa limonite; 
(2) limestone softened and decomposed, with crevices containing 
more limonite than No. 1 ; <3) meshwork of timonite almost com- 
pletely replacing the limestone, and including residual ochre and 
fine sand; (4) complete replacement of limestone by honeycomb 
ore. Reticulation of limestone by limonite is seen to be pro- 
gressive downwards until no remnants of limestone are left except 
in the form of insoluble residues occupying druses. These afford 
some measure of the contraction incidental to replacement. 

Another striking example of the same kind given by Prof. 
Dana, has been referred to in the memoir, of which the present 
pages are by way of continuation, namelj'. in the Cone ore-bank 
at West Stockbridge, Mass.t Its description l)y this ol)server is 
as follows: 

"Several layers had become wholly replaced hy pure limonite. 
and one of these so changed was a yard thick. Some surfaces^ 
of the limestone were intersected by cracks, making areas three 
to six inches across, as represented in the figure ; each crack hav- 
ing a bonier of limonite either side, an inch or so wide. "X 

The same authority is cited l)y Mr. Prime for direct replace- 
ment of limestone by siderite ultimately weathered to limonite. 
namely, at Richmond. Moss.^ This occurrence, tike others ob- 
served by Prime at Balliet's ore-lwink near AUentown, Pa. , and in 
another ore-l)ank near Ilellertown, both in close relation to the 
Calciferoua limestone and schists, in. as concluded by him, an in- 
stance of •■alteration of the limestone to carlxinate of iron parti- 
cle by particle, or so to term it, a pseudomorph by replacement." 
The same writer attriliiites the timonites of the Calciferous time- 
stone and schists in a general way, to alteration of ferrous car- 
bonate produced by reaction of ferrous sulphate with calcic car- 
bonato, laoth diffused and massive. 

Remnants of notably pyritous material have been oliserved in 
many of the limonite workings of the Green mountain Itelt of 
liOwer Silurian limestones and their sonthem extension, especially 

*Kep. TeDth CenauB xv, 188fl, 275. 

tSee Am. Jour, of Sc. ILII, 1891, p. 384. 

^Am Jour, of Sc. xiv, 1877, 130. Several excellent cuts llluatrating' 
the transition of limestone into Iron-ores have been given by Hr. 
Cbauvenet, Kep. Tentb CensuB xv, 1886, 2Ba, 29S, 3»7, 269. 

gAm. Jour. Sc. ix, 1875, 140. 
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in intercalated ur adjacent schists. Numerous analyses by the 
Second Geological Survey of Pennsylvania indicate the presence 
of sulphur in almost all of the ores of the same belt in tiiat 
Stat«. The dissemination of visible pyrite throughout unde- 
composed parts of both limestone and schists is also noteworthy. 
This seems to be in about the same minute proportion that fer- 
rous carbonate is often similarly represented. The epigenesis of 
the latter is probably from pyrite. But hitherto the most remark- 
able evidence of pyritous material in the development of limon- 
ites associated with the same limestone series has been found in 
Alabama. In that region concentrically weathered or foliated 
masses of limonite isolated on the hill-tops by erosion of enclos- 
ing clay, the residuum of decomposed scfaiste, sometimes retain 
nuclei or cores of undecomposed and highly pyritone rock. Cen- 
tral portions of other masses of limonit* consist of siderite. 
Hence the not uncommon occurrence in limonite workings in 
limestone of ribn, masses and nuclei of siderite, ferro-calcite or 
limestone, from incomplete replacement, or incomplete subsequent 
alteration. Hence also similar occurrences of pyritous residiiums 
in limonite developments in adjacent or transition schists. 

In given instance)], be the mode of replacement of limestone 
by ferrous carbonate what it may, whether from styptic or chaly- 
bic solutions, or whether originally or eventnatly introduced into 
Siluro- Cambrian limestones, in the lower member of which series 
(Calciferous) limonites have been so extensively brought to light 
in Appalachian valleys, there seems much reason to conclude, 
OS sometimes held, that in the course of chemical erosion of the 
limestone and of decay of related schists, very considerable 
accumulations of rtsitluftl limonite have resulted from alteration 
of diffused fen-ouB carbonate or pyrite. not exceeding two and one- 
half per cent., to stable ferric hydrate. Parts of the same 
series exposed ti) weathering or erosive action, and c<tmmonIy 
below the full thickness, seem, in certain instances at least, to 
bear some proijortion to the thickness of related accumulations 
of limonite. That is. the verticil range of the residual limonite 
seems to be in proi>ortion to the thickness of limestone eroded, or 
rather to the measure of it-* shrinkage \ et along with the es- 
cape of dissolved lime an I in ignesia salts m ms^Hure of chemi- 
cal erosion, there is also dissipation of iron salts. 

According to Lesln liminite or pipe ore, so-called, has a 
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striitif^rapliio rou^e in Huntingdou County, Pennsylvunia, near 
Wftrriiir'H Mark, of at least 1,25(1 Teet, The whole thickness of 
the, Oalciferoim — Cliasv — Trenton Heries of limestones to tUe l>ot- 
tom of the Hudson River (croiip, there attaining its maximum de- 
velopment in that State, is eatiraateil by the same authority at 
7,7')0 feet. A thiekness of 6.O01I feet of this seriea. as esti- 
mated by Prof. A. L. Kwing, lias hnen removed from the Nit- 
tany Valley iiiiticlinorium to form that valley, or at least 1,000 
feet in vertical range, mainly l)y ehemieal erosion.* 

Mct'reatU's analyses have shown fi^rroiis carbonate np to 2f jier 
cent, to be widely distriliuted in Lower Silurian limestones. The 
question arises when this wrts inti-odueed — whether before dei^osi- 
tioii of succcnlin}; schists or ufterwanis? 

That this anhydrous salt was not ■<lirc<-tly deposited seems on 
tfliemioal grounds almost certain. Is it then exclu.sively a [>niduet 
of n){>lucement of calcic earlxinate through solutions of iron 
atdts from extraneous stmrces, and intn>dneed snbsetpieutly to 
envelopment with ferro-silieeonw sediments? Or, is it. in part at 
least, the product, practicailj- in loi-fi oriijiiinll, of reactions lie- 
tween calcic carlMjnate in place anil vitrioli^dn;: i)iirti<-l<>s of pyritc. 
orif^inally reduced fnim ferrous snlpliate in sea-water through 
n>niuantM of aninml mutler in aecnmnlnting c:tlcan-oiis sands? 

The researches of Dr. A. A. Julien into variation of decom- 
position in the inin-pyriles series, led him to tlie conclusion that 
the original conditiim of iron snlphides along tlie Ap{>alachian 
belt was that of pyrrhotite. To whatever degree, in that case. 
this mfiieral may have survived suli-a!'rini rock-decay, and l>een 
accumulated along with Ijower Silurian sediments, would it serve 
as an extremely productive souwe of inm salts, through decora- 
position by <iirlK>nati'd waters, ineluiliiig alteration into marcaiite 
and pyriti", 

Kven this initial transformation, as indicated by ltiscliof,t is 
attended liy eliminatiim of :i5. 54 per cent, of iron, and Ity eon- 
tniction of volume not less thiiii H2 per cent, as estimateil from 
rehilive densities. Ileuce pmmotion of permeability in the con- 
taining rock tUttnigh devel<tpmi'nt of cavities. Fn>m surplus 
inm extriietcil l>y carlmnateil waters is doul>tlcss developed fer- 
rous earlHinate. by reaction with calcic cnrlioiiale. or else ferrie 

|.,..4J>.4-,>l,4,->4. 
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hydmtt'^iis detenuinei) by utmospheric environment. This re- 
action may be aiMiiined to be common both to limestone and ad- 
jacent transition HcliiHts. and even \e»n closely related siliceous 
Hchistfl. 

Irrm snlph !()<;)«. Hometinit-a visible in xound Lower Silurian 
limestones, seem to be developed in about the same minute \>Tct- 
portioii that ferronH carliiinate in often revealed by analysiM. 
Iiimonite deveIo]>ed by ppigenesis on horizons of these limestone!) 
And »f adjacent schists commonly atTords traces of sulphur, as 
pointed out \t\ Mr. Prime. Much larper pn)[K)rtions of iron snl- 
jjhide are notably develojM'ii in the Hchists. 

It may therefon- Ije concluded that both immediate and ex- 
traneouH sourccn have (H)ntriliiiteLl to fixation of ferrous carb<)n- 
ate Its now found in partt of these limcfitones and associated 
schists; and that iron was ii-ct'ivcd by these sediments in a car- 
Itonated ntmoHplierc Ix'fore or dnrlnir their eonnol idation as well 
lis lifter wards. 

This conclusion s<<i>ms to be in line with Dana's* numerous ob- 
servations in western New Knglund and eastern N'ew York, as well 
as with those of the Second (tt><ilotiical Survey of Pennsylvania, 
and to fall in with cerluin <re]iernl deductions of Mr. Primet and 
of Dr. Julien.: 

Hesides limi'stoneM of the Silnro-Camlirian series, other lime- 
stont-s of the Silurian and Devonian perioils give identification to 
occnrn'nci's of ei>ij;enic limonitic iniu-ores. These are irregular 
sha[)ed masses often describe<t as lenticular (lait in an opposite 
sense of that term as applied in this memoir) between limestone 
and adjacent ferniginons stiiita. Thus occupying Iwrdering 
divisions of strata, they not infriKiuentiy assume to partial view 
semblance of int erst ratified deixisits with which they have some- 
times U-en confounded. 

Such relations, iiowevi'r. [joint mon' or less disttnctly to re- 
placement of eal<-ar(i»ns material through essentially suiierficial 
agencies, and to ciivumstances of attitude and enviFonment 
favorable to epig(>nesiH of limonite. These cireumstunces are 
ordinarily less ol)sonre and wimplex than those which govern the 

*BeHides the several papers by Prof. Daaa a1rea<ly citetl, touching the 
preeent suliject, may eBpecially Ite mentioned one on IlerkHbire Oeology, 
(Berkshire Hist and !><■. Soc, Pi ttn field, t8B«.) 

+Am. Jouroal of Be. i,x, 1875, W3. 

JAn. New York Acad. He. [II, 1«H0, 3U8, SDH. 
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tliatribntion of acmmnlatioiis of iron-ore connected with the lower 
neiiea of limestoaes, nwuilj- on account of the distioct oonfignm- 
tion and nndiatarbed relatioDs of the accnmnlatioos tbemsdreM. 

VII. Ri-plai-rmrnt of CrifttailiHe troH-orrt. 

According to I^esley and d'Invillers the famoas magnetite de- 
posits at Cornwall, FeaDsylvania, like the deretopments of brown 
hematite on the name horizon throughout the Great Vallev. wero 
originally a formation of Lower Silurian magnesian limei»tonebed.s. 

"It may itafely l>e said, " uit remarked liy tU«H' olnterreiH. 
"that the Cornwall ore-mass has experienced three HtAges of 
development: Iteing originally a formation of lime-uhales; then 
becoming a great brown hematite formation; and finally a mag- 
netic ore- formation. "'• 

The advanced metamorphism of the originul ore- replacement 
from limonite, or perhaps from Hiderite. to mtignotite. is a 
phenomenon which there is mncli reason to l>elieve. i» connected 
with local doleritic intraitions along the edge of the Pennsylvania 
Mesozoic, as also in the case of other occiirrenws of magnetite 
on the same horizon at Boyeniti>wn. Dillslmrg and elite where in the 
same Stat«. 

Keplacements of mctuuorphic limestone by other types of 
crystalline iron-(»res have recently been observed by me in St, 
Lawrence Countj". X. Y. Here the OalciferoiiH limestone has 
become crj'stalline. and its ore-roplacementt have lteo<>me meta- 
morphosed into red hematites or anhydroun ores of the specular 
type. At Fierrepont. highly crystalline specular ore, of splen- 
dent lustre, occurs in white metumorphie limestone of Calcif- 
eroiis age. 

Taken in connection with my previous memoir on the present 
subject, the foregoing facts, here very briefly c<insidered. tend to 
prove that replacement of Palwozoic limestones, and other cal- 
careous material, including calcic carlwnate from decay of 
siliceous schists, baa lieen wrought in<litferentiy from iKith in- 
filtrating chalybic and stj'ptic waters, through surreniler in each 
case of a weak base tike ferrous oxide for a strong base like lime. 
I have also sought to indicate some of the circumstances of at- 
mospheric environment, topography or vicissitudes governing 
preservation, or — on the other hand — -alteration of the product of 

•An. Itep. of the Gaol. Surv. of Penn., for 18».">, 18S6. p. -lat. 
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direct repUceroeat; and to attach what ia conceived to be dne 
stgnificanoe and importance to such circomstsnces. 

Chemical replacement of limestone by ferromi carbonate, it ia 
hardly necessary to remark in review, proceeds from surfaces of 
cleavage and stratification, wherever penetrated by infiltration of 
atmospheric waters from neighboring permeable femiginons rocks- 
like schists and shales; or, again, from surfaces and interstices of 
rocks, wherever calcic carbonate is produced by decomposition of 
silicates. Or, still again, solutions of lime and iron salts from 
one or the other source, give scope to similar and successive re- 
actions. Hence transmutations within compass of both limestone 
and adjacent schists. Mixed detritus from both kinds of strata, 
and overspreading considerable surfaces below the level of de- 
velopment or outcrops of such strata, also give place to like re- 
actions. Hence numerous shallow deposits of limonlte at the 
base and on slopes of Appalachian ridges. Much of the ferric 
hydrate which appears due to tardy precipitation at considerable 
distance from sources of iron-saltx is doubtless from indirect re- 
placement of limestone scbutt. 

YIII. Jtrpliir^ment ijf Cambrian Limcntimfg, Lake Superior 
region, unit Minuiiiri. 

The notable occurrences of cr>'8tatline iron-ores at Iron Mount- 
ua, Shepherd Moantain, and Hilot Knob in Missouri, within 
developments of stratiform porphyritic petroailex (ballaflinta) 
was ascribed by Pumpelly, in the year 1872. Xm replacement of 
limestone.* Development of the petrosilex was also supposed 
to have resulted from chemical processes of replacement. How- 
ever this may be, it is not ditflcult to imagine development of 
petrosilex from a siliceous limestone, or from a limestone inter- 
calated with silict»us matter, concurrently with replacement of 
the calcareous material by iron-ores. Developments of this kind 
may be r^arded as akin to the jaspery foliations of petrosilex 
along with crj-stalline ores in the Lake Superior region, the geneaia. 
of which by replacement of calcic carbonate has recently been 
traced by other geologiHts. 

The relations of specular or hematite schists in the Lake Su- 
perior region to siderite, and the phenomena of its original de- 
velopment and distribution have recently been treated, first, by 

*Qeol, Surv. of Missouri, 1873; Iron Ores, 26. 
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the lamented Prof. R, D, Irving, and later by Mr. D. If. Browne, 
and by Mr. C. R. Van liiae.* 

The conclnsions of th^ present memoir seem, ns may l>e 
claimed, to strengthen the probability that occurrences of yiderite 
and ferro-calcite, like those deaeribed by these authors aa the im- 
mediate source of hematite in the Penokec-Gogebic range of Wis- 
conaia an<l Michigan, arc of the nature of chemical replacements 
of limestone, and calcareous shales and grits more or less car- 
bonaceous. fSuch dovelopmcDts are doubtless romniints of aider- 
itic material, of which tho greater part has been further altered 
into brown and red hematite successively. 

Aa indicatetl by these writers themselvea, from aohitions of 
ferrous salts, replacement of calcareous maleria! has been effected 
according to local conditions determining circulation and inter- 
ception of these in Hit rut ions. That tbia was once, or at least iu 
part, direct, is shown by the development of aideritv. I'roducta 
of indinntt replacement like ferric oxide pn>ceed na in other in- 
stances either from spontuiieonsoxidationof the replacing carbon- 
ate, or from its tanly alteration. The part taken by dykes in the 
interception of drainage has particularly lieonshown l>y Van Tlise. 

Replacement of limxottone by siderite, and sul>se<|Hent altera- 
tion of this epigene prodnct arc opposite phenomena incidental to 
essentially ditTerent atmos|)heric environment. CarWnic auhy- 
<lride. or redncing gases, or a mixture of both, which may bo 
assumed to have prevailed concurrently with the first process, or 
rather wherever this was set up, e\ontually must have given way 
to an ordinary oxidizing atmoaphere. The association of cai- 
bomiceons stratit sutHciently attests this point. 

Fl)REI(l.\ EX.VMPLKS 01' HEPr.ACK.MK.NT OF l,lMK3TO\K IIY 
laON-ORKS, 

T close the present memoir with a few brief illustrationa of re- 
placement of limestone by iron-ores in well known and ini{>ortant 
developments in several parts of Kni-oiK'. Aa snch most of these 
have been distinctly n'C()gnii!e<l. 

JA'. Ri'j>lafrmeiit 'if O'trboiii/r.roua liitustoiie. Eughiiiil. 
The Oorboniferoua or Mountaiu-limeatone aeries of the north- 
em and north-midland counties of Kngland, aa in other parts of 
that ialand— especially in South Wales, conaiats of alternations of 

*Ani. Jour. Sc. xxxii. 183«, W5; xwvii, 18CHI, ;f2, 299. 
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thick limestone!! with thin ishaies and sarwistoneB. The limestones 
are horizons of siderite and hematite, of which the loiter de- 
velopments are irregularly distributed within compaaa of the cal- 
careous strata. Phillips* has given a selection of cuts which 
well serve to illustrate the phenomena of indirect replacement of 
limestone by hematite through alterable ferrous carljonate, aa 
pointed out by Smyth, t and as attested liy the presence of fossils, 
identical with those of the limestone, partially converted into 
brown oxid«. 

X. Jii-plac'iiinit iif Mfiiizoiv linieKtoiift. KiigJimiL 
The iron-ore occupying horizons of estuarint' limestone of the 
Tiiiwer or Bath oolites at the top of the TTpper Iiius series in 
Xorthamptonshire al>ounds with shells and corals eonverte<l into 
ferric hydrate. As animal life could not possibly have existetl in 
waters charged with iron salts to the degi'ee apparently indicated 
by the ore. Mr. Samuel Sharp concludes that the iron mnst have 
been introduced by irtfiltratiou after the ()e]>usition of the se*U- 
mentary material, t 

Frt>m a micn>scopic exniuiuation, Sorby concluded that Cleve- 
land ironstone of the Jliddle Lias of Yorkshire him l>een derived 
partly from mechanical deposition, and partly fi'om subsequent 
chemical n'plaeenieiit of originally depositejl cjiUiic carlKumte, 
"which pnilmlily thus servetl to collect together from nssoc-iated 
ferruginous nou-oaleaifous IhhIs a large piirt.of the iron'' contained 
in this ore. Tiiis is [)nrticiilarly |)i'oved by pseudomorphoUK 
siderite after aragonitc penctiiiting moUuscus shells originally 
composed of that form of calcic carbonate. I 

Lower Liassic lieds of calcareous si<lorite or ferro-calcite occur 
in North T>in(-otnshire as ii|iper Ukumliers of ii series of liml^HtoneH 
and shales, and dmracterized l>y a great abuiiilance of Grgpliaca 
iirruatii. The ore-senes consists of ahernations of unaltered 
ironstone with thiu liiueslimes, together aggn-gating, aecoKling 
to a section by )Ir. lieoi^e Dove, Hi feet in thiekuess. The ore, 
as described l>y 3Ir. I>. .Vdamsoii. is intercalated with ferriferous 
limestone cai-rying from S to l(i pi^r cent, of iron. II 

•Ore-deiMwits, 1884, 164. 

tMemoirs Qeol. Sur\-. of Gr. Britain, Parts ^I\^ pp. 18, 18, 25. 

JAq. Jour. Geol. Soc. 1870, 376; Judd, Mem. Geol. Surv. Gr. Br., 18T5, 
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Lower Cretaceous, Wealden or Middle Neocomian calcareoaa 
strata in tbe same eouaty, give place to oolitic brown ironstone 
which is described aa highly foasiliferouB as well as calcareous. 
The same strata are overlain conformably by tbe Lower Green- 
4jand series of arenaceous shales, with which is imbedded lime- 
stone passing into ironstone.* 

A'/. Beplacnneiil of Liaggic lintettoite Luxrmbarg and Lorrainf. 
The oolitic limonites of Luxemburg and Lorraine, equivalent with 
theores of the Cleveland district of Yorkshire, and of the same gen- 
eral character, bear likewise evidence of replacement of limestone. 
Highly calcareous, as practically shown by their self-fluxing prop- 
erty, they contain remnants or nuclei of unaltered limestone, aa 
well as numerous moUuscns shells transformed into limonlte.t 

XII. Replacement of Mem&aic limettonet, central France. 
Some very striking exhibitions of tbe class of phenomena 
which it is here sought to illustrate, are afforded on a la^escale by 
well known deposits of limonite and hematite within the develop- 
ment of Jurassic and Cretaceous limestones in the ancient prov- 
ince of Berrj-, now included in the Department of the Cher, in 
central France. I refer to occurrences recently studied by M. 
de Grossouvre.t A graphic description by this engineer leaves 
scarcely room for doubt of tbe origin of these deposits by in- 
direct replacement. In the elaborate memoir now referred to, 
no attempt is made to trace the process of epigenesis beyond the 
action of solvent cbalybic waters in excavation of limestone, and 
in deposition of ferric hydrate in its place. So far from being 
the simplest statement of the process of indirect replacement, 
this explanation is upon the assumption of chemical erosion of 
the limestone as a distinct act antecedent to precipitation of 
ferric hydrate, or, however insupposable, of anhydrous ferrous 
carbonate. Hence, as imagined, the formation of caveat, cavi- 
ties, basins, etc., in limestone, followed by the filling of such 
receptacles with products of chemical precipitation. The same 
reasoning has often been applied to similar occurrences in this 
countr}' and elsewhere. Beaaons in general against such an 
assumption have already been given. The theory of molecular 

*Bauermaa, Met. of iron, 1872, 91. 

tH. A. Habeta, Joor. Iron & St. Inst, 1878, S86. 

iAnn. des Uinee x, IBSS, 811-416. 
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replacement precludes any such intermittent action on the part of 
a single agencj'. 

XIII, Replaeement of Tertiary Liiiwutoiie, JIfste. 

Epigenesis of oolitic iron-ores in Tertiary limestone of Kheniah 

Hesse has substantially been described by Tecklenburg as le- 

* placement of an oolitic limestone, the source of infiltrations of 

iron salts being an upper ferriferous limestone of the same 

series. * 

JCIV. Re.phtccmeut of Pre-paliEozoic crytlalUae limettonex, B»aat. 

Some striking examples of replacement of crystalline limestone 
at Russltlierg (Banat) by siderite passing into hematite on the one 
hand, and into magnetite on the other, were in other tenna de- 
scrilwd by Mr. Bafnel Hofmaun, in the year 1854. t 

Like the other more important iron-ore developments of the 
Carpathians, these are upon horizons of pre-paleeozoic lime- 
stones, t 

Among other well-known developments of siderite and its de- 
rivatives in continental Kurope within limestone strata, sulflce it 
in passing to mention those of Carinthia and Carniola; and not- 
ably those of the Styrian Erzberg near Kisenerz in Austria; also 
those of the Rhenish province of Coblentz and Siegen in Ger- 
many, ii 

Commonly regarded as cpigene products, these have usually 
been described by German authorities in various terms asSt<lcke,|| 
LagerstiJcke, GangatOcke, and Fttltze, sometimes of direct deposi- 
tion successive in relation to enclosing strata, sometimes as me- 
chanicalflllings or '-in-washea"of pre-existingspaces ; and, again, 
as chemical segi'egations. In most of the conspicuous instances 
named, circumstances of environment and topography are such 
as to indicate more or less clearly molecular replacement of lime- 
stone or dolomite. 

M. t^ibertzy, of the Geological Survey of Bussia, considers cer- 

*Zeitach, B«rg— nntten— und Ballaen Weaen xxix 1881, 210. 

tOanntudien, II, 46S. 

tVon Hauer— Qeol. OeBt,— Ungar. Monarchie, 1875, 194. 

^nft OeognoBie 1876, 451 1 Von Hauer loc. clL 32S. 

IIDr. E. Reyer tmtbfullj Bays that Geology and tbe miner call tikat 
form, as to whoM form nothing la known, a StiSck. (Berg-u-Huetten- 
mannische Jahrbuch x\ix, 1861, 2S.) 
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tain iron-ores ot that empire as prodncts of rpplacemeDt of Per- 
mian and Carboniferontt limestones. Another Rassian autbority. 
M. P. ZemiatBchenflkv, entertains similar riews in respect to iron- 
ores of central Russia.* 

,VI'. }irdiUrrnttr,tH ititu-ure* m reiihutinruU i,f Uuint-iart. 

l—Iro»^nrft ,.f BHh.10. .V'«. 
No more remarkable developments of iron-oret> caa be in- 
Btance^l than those of the Biscayan province of Spain. These 
ores, koown far and wide under iIcsignntioDS of localities of 
numeroog workings on the flanks of Mt. Triano, include those of 
Soroorrostro, Triano, and MaUmoras, from which immediate lo- 
calities, according to Mr. Uill. over 2^ millions of tons was pro- 
duced in 1K82, or OS per cent, of the whole product shipped 
from the port of Bilbao during ttiat year. 

These ore« are of several amorphous types and gradations, in- 
cluding Itmonites, tui^tes and hematites, some of the latter veiging 
niwDthespecular variety. Theyareof ditferent degreea of purity, 
inversely proportional to their tenor of earthy silicates; and ac- 
cording to the degree, first, of replacement of limestone, and, 
second, of alteration from the L-ondition of ferrous carbonate, 
from which all tyjiea and gradations have evidently Ijet'U de- 
rived. 

These important iron-on' de|x>sits occupy the horizon of lime- 
stone, especially of a formation interposed Ijetween overlying 
fossil if eroiis argillaceous limestone, and a lower limestone under- 
lain by variegated and micaceous grits, containing nodular 
sphferosiderite, the whole series, of Middle Cretacc-ous age, l>eing 
much disnipted and <iiHlooateil. The ore. wrought in places to 
depths of over 1U(I feet, gn-atly fluctuates in thickness, owing to 
inc^iuality in vcrticAl range of replacement, whence obviously the 
uneven or billowy surfaiv of the limestone floor, as described by 
Gill and others. Tn other places the limestone is fully develope<1, 
no replacement liaving Ix-cn effected. Again, the whole vertical 
range of the limestone is represented by ore, while at still other 
localities a lenticular )>e<l of unaltered limestone separates the so- 
c!ille<l rantpum!, clearly a hematitic or transition product of 
alteration of siderite — more or less incompletely transformed, 

Geol. Nst. Hist. Surv. of .Mionesota, 
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- from till; undi-riying rean diiU--. This is a soft HinoniU? pmtHiiig 
into tiii^te and iilso gnutuating in places into a harder variety 
known a» n-na i/ura, in which abounil pHpnttomoqtbotiH rhoml>o- 
h«dronB of hematite, after Hiderite. 

The shaly blue linieMtoiie, cont;iining rr/jnli'iiia hr.rigahi, an<) 
giving place to orc-lxxliea on tlie north xide of the divide between 
the Nervion and the Somoirostro rivers (Mt Triano), presentJt « 
continnons outcrop on the south nide^ and forms the ereitt of the 
mountain. The r'liu dalir, or gallery ore. is descrilied a» the 
character of ore deep under cover; cnmptiiiH, the choice or sliip- 
ping ore of tlie region, under moderate cover; and rufiio, a 
worthless variety in oxposed ledges. The latter is u sideritic, 
cellular, cherty limonite, forming outliers or crags, evidently cor- 
resjtonding to the upper tnlge of dismpt«<) and highly tilted 
mnsHea of tlic nqnirnia limestone, weathered and leache<l liy at- 
mospheric action without the aid of underground moisture, and 
without protection of cover, but passmg into ceim on attaining 
cover. In both brown and rwi-ore mines sideritc occurs in blocliH 
tw eoi-es or nuclei of altered prodncts. 

The source of ferrous salts yielding more or les.s iilteratile fer- 
rous carbonate in contact with limestone, api>ears to have lieen 
overlying, now mostly obliterated, feiTiferous and pyritous sedi- 
n)«utA, of which remnants are preserved. Unequal conditions, 
perhaps in origiuul composition of the ore- limes ti>ne, but cer- 
tainly as to attitude and environment, have lol to unequal ile- 
velopment of ore-masses, some of which, according to (iill, hav- 
ing the semblance of mountains of ore, proving mert^ shells of 
good ore with nothing lint siliceous material behind them. 
Changes of volume, as une<(ua1 replacement and chemical altera- 
tion have a<tvancetl. may be lielie\'i'<l to have been adequate to 
produce no small part.if not thewhole, of the disnipt ions and dis- 
locations, so marked a feature in the stratigraphy of the n-gion. 

Though some of the phenomena here refeired Ut have l>een 
differently interpreted Ijy M. Barson* and M. Bflills,t the descrip- 
tions given by Gillt furnish abundant evidence of sideritic replace- 
ment of Cretaceous limestone strata, and of a'ul)8e(iuent altera- 
tion into limonite and hematite more or less advanced as eondi- 

*Rev. Univ. dee Mines, iv. I67fi, iW8. 
tAnnaleg des Mines, xv, 1«7B. 209. 
j.Iour. Iron and Steel Inst, JHS2, ra. 
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tiouK for weathering uetion have been more or Iti^tui ftivoTable, 
espi-cinllj- as regarda the intenentioi) of moistaiv. 
,'. Irott-orti of Elbt,. 

TJk' specular iroQ-orea of the island of Elba, which have often 
been inHtanccd in tcxt-booka as an example of eruptive or suh- 
limation deposits, a conclusion questioned hj G, Vom Bath in the 
yrar 11^70,* havt' since been described by Latti of the Geological 
Survey of Italy, as in part altered productaof replacementof cal- 
can«ous rocks with which a chemical interebange of materials has 
taken place, in conformity with the law tfant the more easily solu- 
ble minentb are replaced by the less soluble, t 

d. Mgeri'm /ron-orw. <«./"«)■ 

Among well-known Algerian iron-ores are those of theTlemoen 
district. ne«r the weatem Iwrder of the province of Oran. These 
ores, (Munmercially known as Tafnn ores, are, as deacrilied by M. 
Fouyannc.t hematites occupying the horizon of Liassic limestone, 
which rests unconformable' on ancient crystalline schists. While 
mosses, lai^e and small, of unaltered limestone and sideritn are 
unecpiallj' distributed in all of the workings, these masses alt furn- 
ish evidence of gradnal and progressive transition into hematite, 
while specular and magnetic oxides occur as products of furthw 
alteration. Other deposits imbedded with Tertiary strata are 
made up of detritus from the Liaesic ores first mentioned. 

yVtixbiiigion, D. C, Mnr,/, SL 1891. 



CRITERIA OF ENGLACIAL AND SUBCLACIAL 
DRIFT. 

The purpose of this short paper is to call the attention of gla- 
ciatists to the means of discrimination of the portion of the drift 
which, at the time of final melting of the ice-sheet, was enclosed 
within the ice and therefore is CAlled englacial drift by Pres. 
Chaml>orlin, and the portion which was subglacial, lying under 
the ice. It is hoped that the availability of the criteria here men- 
tioned will be discussed by others, and that we may attain the 
most useftil methods of ol>servation and determination, in all parLt 
of our drift-l>eariiig area, concerning the question whether a large 

*Jahrl>. fflr Mln. 1870, T8«. 

tEmmons, Traue. Am. Inst. Min. Ene. 18S6. Kxt. 8. 

;.\na. lies Mines ix, 1870, p. «1. 
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fnietioii of the <lrift, or onlj' n Htnall amount, waH mntalne^ withiu 
tlie iec-sheet, hecuming Hiipei^lnoial by nhlKlian, at the time of 
ilH ilepartaro. 

Knghtritd TiU. Tin" fulloning ehHrapteru have »eome<) to me, 
ill ex&minatiou of the tlrift (iepoaitM of Ni'W IlampHhire and other 
New Knglantl Htat«!8, and of Miimosotu. Iowa, tlie ]>akotnH, and 
Manitolni, to distin^iixh the onglncial till, reaching from ttic sur- 
face to » variable depth. ax oomjuircd with tlie lower snbgiacial till. 

1. More plentifid and larger )>onliler!t are nsnally encl(M«d if) 
the portion of tlie till that waH en^laoinl. Sometimfx many of 
them an> only partially embe<)(le<l at the surface. 

'1. Theue Itonldem and the Mmaller pieces of rock arv mmttlr 
angular or Hul>angti]ar. While being carried along in the ice- 
sheet, the englacini drift wan not >tubjecte<l to attrition, which nc- 
countM for the lai^t size and imwoni character of its rocl< fra){- 
mentx. 

S. The englacial till has commonly a Homewhat more gravplly 
and itandy and ie«!i clayey c-omiMisition, owing to the washing away 
of much of its finer material by the <lrainiige of the glacial melting. 

4. It has a lixwer textnre and i» much more easily eitcavat«l 
ThiH portion of the englacial drift wan allowed to fall loosely when 
the ice disapiwared. Tlie Hul^lacial till, on the other band, lie 
ing compresse'l by the vant weight of the ice-sheet, l>ecame very 
hard and compact, whence comes its popular name, " Jiard pan.' 

o. The effect of weathering, l>y which the siunll ingredient of 
iron ill the till has l)ecome changed next to the surface from pro- 
toxide combinations to the hydrous scwiiiiosiile, givinj; a yellow- 
ish color, strongly in contmst with the darker gray |ind bluiith 
color of the niiweathered jjortion lielow, often is limiteil at the 
plane that setmratcs tlie reatliiy permeable, loosi- englacial till 
from the comparatively impervious subglacial till. 

I). Between the two. there is frwjiiently a layer of xnbglacial 
strutifie<l gravel and sand, from a few inches to a few feet thick- 

SuJiijiitritil Tit/. Characteristic features of till accumulated l»e- 
neath the ice are. eonverwdy, the prevailingly smaller size and 
glaciates) shapes of the enclosed boulders and fragmentji. its larger 
proportion of clay or very fine rock flour, its remarkable hardness, 
mid in many sections the cessation at its top of the coloration due 
to weathering. 

Another criterion of snbglncial till i" tlie [losition <if ha oblong 
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stones, generally witb their mitjor axes approximately parallel 
with coiitii^iiouH gliu^ial stri«e and with the course of movement of 
the ice uheet, and the embeililing of flat stones with their flat sidea 
nearly horizontal, or, where the acciimidation rises in a prominent 
masH. as in drumlins, taking a parallelism nith the slopes of the 
snrfnee. In the englacial till stones of these sliapes are less 
abundant, l)ecaiiHe of their exemption from glacial noaring. and 
tliey have no ol>Mer\'nble onler of arrangement. 

Fiirtheriuore. the subglacial till often exhihitx, especially in 
sections of drumlins. ii peculiarly bedded structure, in parallelism 
with the surface. Though Ivoulders. gravel, sand, and clay are 
thoroughly commingled, the deposit is imperfectly laminated and 
tends to separate and crumble into thin flakes. This is frequently 
noticeable in a fresh excavation, but is most distinctly seen after 
a few weeks of exposure. 

Mr, Hugh Miller has olwerved similar structural features of the 
Rubglacial till over large tracts of northern Kngland;* and the dis- 
crimination of the englacial and snt^lacial till, relying on most 
of the characters here noted, was probablj' earliest (minted out t>y 
Br. Otto Torell, of Sweden. t 

A partial stratification by water within the till, producing some- 
times thin layers of gravel, sand, or clay, inconstant in character 
and thickness and usually of short extent, or often only a distinct 
approach toward the formation of such layers, is occasionally ob- 
served in botl( the englacial and the subglacial till, probably more 
frequently in the former; but veins of gravel and sand, of such 
extent us to yield a snfflcient supply of water for wells, are more 
common in tbe latter, or, as l>efQre noted, at the plane ttetweeu 
these deposits. The obscure stratiHcation seems attributable to 
seeping water during the deposition of the till, whether subglacial 
or englacial and superglacial, while the definite and larger gravel 
veins were formal in small and temporarj- sul^Iaeiai water 
courses. 

Both deposits contain boulders and other drift derived from 
near and from remote rock outcrops. liOcal topography deter- 
mined the relative abundance of these portions, and probal>ly also 
whether the ratio of far travelled material is greater iu tbe en 

*Ke|)ort of tlie British Asaoc. for Ailv. of Science, Montreal, 18W, pp. 
;aO, 731. 
+Ain. Jour. Sci., Ill, vol. \iii, pp. T<l-79. .Ian.. 1H7T. 
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glaciul ur in the subglacial till, for it Heenut tu vaiyin this respect 
in different districts. During tlie progress of the nccumtiltition of 
the sul^lacinl till, it was supplied mainly frrim tlie lower part of 
englacial material, in which boulders and fine drift of near origin 
were more abundant than higher up in the ice. Hence, as a whole, 
duul)tless the sul^lacial till has more loc»l mAt«rial, though dif- 
fering little in this respect from the basal part of the drift within 
the ice -sheet. The streams dejKisitinj; kames and osai-s, an I be- 
lieve, brought these sediments lai^ely from the iip|M.'r and more 
remotely derived portion of the englacial drift, and also trans- 
portetl them for tlie greater part long distances, thus wearing the 
boidders and gravel to sulrangnlar and rounded forms. There* 
fore, in the order of their percentages of distances of transporta- 
tion, the subglacial till is generally lowest, and the englacitil till 
next, while the stratified gnirels, sands, and clays brought by 
streams from the ice were successively ileixfsited. eacli mostly 
beyond the pi'cceding an<l farther from their sources. 

Ptnheil Blurhn. When the ice-sheet woj* melted away, its en- 
closed iwnlders wcie dpop|>ed, and some of them, lying as con- 
spicuous objects u|ion the surface, are strown sparsely' over the 
prairies or are jierched, apjiarcntly where they might lie easily 
disIo<1ge<1, on the slotH^ antl crests of liiils and mountains. Oc- 
casionally these perched blocks arc of great size. Two fouml l)y 
Pr. a. M. Dawson on the eastern foot -slope of tlie Rocky mount- 
ains, alioiit .'l,:iOI) feet aliove the sea, measure respectively 42 by 
40 by L'(l feet and 40 by Hu by 20 feet. Other Iilocks in the same 
region extend tip to the height of ii,2S0 feet, and they all were 
derivwi fn»m the Areluean area east and north of lake Winni|)eg, 
some 700 miles distant." 

Vresident (lliamberlin has cUtscrilteil remarktilile beH« of abun- 
dant snjK'rRcial boulders associated with terminal mumines in 
Illinois. Imliana. and Ohio.f These 1x)ulders are almost exclu- 
sively crystalline Archwan rocks, and are thus known to have 
iH'en tntns|>orted across a distance of at least .tOO to 50IJ miles 
fn>m the north. They show that here and there in the ice-slieet 
rock masses, derive<l from remote hilly or mountainous titiets, 
were liorne forward higli above the land- and that on the npj)roxi- 
mately level countr}' of these statt-s only the lower portion of the 
ice contained much drift derived from local rock formations. 
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Moat ot tlip very plentiful bonliiers usually present iu tlie hillH 
tuid ridges of the terminal moraines were itoiibtless brought us 
tile iiigliest part of lire englacial <lrift. 

KxiHiM. Onam, •iii.l Valley l>rifl. That ft lar^e amcmnt of drift 
was currletl along in the ice-sheet and became expose<l on its nuf' 
fUce during its dual melting, seisms to me clearly prored. not 
uUly by tile thickness of englacial till according to the criteria Ih'- 
fore noUnl. but also by the various dciKwtibt of oHmrted or miMli- 
ftcd drift. Perhaps the most Interesting c1h«s of tbone deposits ■» 
that wbi(^i consists of prolonge<l ridges of irregularly l>edded gravel 
and sand, often extending in a series many miles, sometimes 20. 
511 or even 100 miles or more in length. These ridges nsnally 
have steep sides aii<l a narrow arched crest of variable liight. 
AsHociat^Hl with them, and especially with the terminal and - mar- 
ginal moraines of the ice-shiH^t. ore mounds, hillocks, and short 
ridges likewise ooiuiwsed of gravel nnd sand having a confMHed 
stratification, often somewhat anticlinal in conformity witli the 
slopes rif the surface. Ikith the very long gravel ridges or serii-t* 
of ridgos, and the very short ridges, hilli»cks, anil knolls, were 
formerly classed together, and were called kames, eskcrs, or 
osars. bitt a useful discrimination has Iteen prot>oHcd )iy >U-<iee 
and C'hamlM-rlin, in acconhuice with which tlic term laiiun is now 
restricted to the gravel hillocks, knolls, and ridges of slight ex- 
tent, while the long ridges are named otni-ii <»r i-tki-rt,* 

Precisely the same explanation of the mn<le of formation of the 
osars was reached independent iy ftftiwn years ago by Dr. X. 0. 
Ilolst in Swedent and lij- the present writer in New Ilamjisliire.t 
Four years earlier, as I afterward learned, nearly the same view 
hiu! been flrnt pul)lis!ied by Prof. \. H. Winchell, in Minnesota. [| 
InterDatlonal Geological Oonfress. 
L. T. C. Cbamberlin, In the Third 
letwrtof the r. 8. Oeol. Sllr\ey for 1881-'rt2, p. 3W; and Am. 
Jour, or Kclcnee, III, vol. \xvii, pp. :n8-:tOU, ^lay, 18»4. The article last 
citeil presents many liililiozraptali: references, aud bIiowb tliat the term 
OBOr tpl. osarsi, In this Aogliclxed form, hae long beeu ia common iiee by 
Jaekaon, llltchcoek, Desor, Murcldson, and other aiithore. 

+" Oin de glaciala rullstenslBarue," Geologieka ForeningeuB i Stcrk- 
holni Kiirhandlingur, vol. iti, ItHtt, pp. 1)7-112. This paper is reviewed l>y 
Dr. .losna LindabT in the American S'aluralisl, vol. .\xil, pp. 580-901 and 
711-7i:i, July and Aug.. 1888. 

J" On the Origin of Kames or EBkera In New Hsmsliire,'' Proc. A.A.A. 



S.. vol. \xv, 187«, pp. 21(1-225. Geology of N. H.. vol. iii, 1878, chapter i 
Proceeding*, Boston Society of Natural Historj.vol. xkv, 1881, pp. 228-24S 
; Geul. and Nat. Illst Survev ot Minn., Plrst Annual Iteport for 18T2, t>. 



tc.; Seiond An. Kep. for l«:;t. p. 104. Proc. A. A. A. 8., vol. .\vi, for 

!. p. ll-l. 
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During the (.'hamplain epoch, an the time of disappeanmce of the 
htdt ice-itbeet ban t>een named by Dana, its snperflcial melting nas 
ntpid tbroughout the warm portion of each year, while the sub- 
glacial melting went on at a verj- hIow rate through both winter 
and sommer, the same ok it had lieen during the entire epoch of 
glaciation. Owing to the mpidity of tlie melting cm the ict^ Hur- 
fttce, and to the aiuomt of englacial drift thuit expoaed an<) ttiib- 
jected to eroaion and traiiaportation, we believe that tbe»idiglacial 
Htream courses already existing were inade<tuate for the dmiiiage, 
and that they were mostly obstructed an<i closed by the transpor- 
tation and deposition of mndifted drift The waning icfvflelds 
were then deeply incised by brooks and rivers |>ouring over them 
in the descent to their l>order ami t^i the ndjaiwnt land lately nn- 
cov€re<i l)y the glacial retreat. Hydrographic Irtwins of the ice- 
sheet probably extended 50 to 200 milen or more from its margin, 
resembling those of a l)elt of country along a sea coast; but the 
glacial rivers, and their lai^e and small braiioheM. Iwd mueh 
steeper grsilients than tLoH4> of the present river HyMtems on the 
land surface, and often or generally they Rowed in deep ice- 
walled channels, more like cailons than ordinuri' river valleys. 
Much englaciat drift, which liad become superglacial, was washe<l 
away by the rains, rills, aud small and large streams from the ice 
surface; and tiie osar gravel ridgeit are the eoarsest setlimenls 
progressively deposited near the ice-front in such channels which 
were cut backward into the i-etreating etlge of the ico by the su- 
pei^lacial streams. 

The best ()eveh)pmcnt of iisars on this cuntiueiit. scarcely in- 
ferior to that of Sweden, is found in Maine and has been tl»or- 
oughly explored and stiulicd l»y Pnif, (ieorge !I. Stone, who e<m- 
cludes that the material forming these long ridges, also tlie short 
ridges and knolls ealleti kames. and the valley <lrift. or stnitilted 
gravel, sand, elay, nnti fine silt, spread along the river courses 
and on the lowlands, were all supplied chiefly from the englaeiul 
drift* This origin seems to me also tnie for the kames, osurs. 
and valley drift which have come under my olwervatiou in Xcw 
liampsbire. Vermont imd Mass aehu setts, and in Minnesota. Mani- 
toba, and adjacent portions of the Xorlhwest. In a pais-r read 

■ Proceedings of the BoHMn Society of Natural History, vol. xx, ISflO, 
pp. 480-W9. Proc., A. A. A. S., vol. xxix, WW), pp. SH>-519. Am. .Tour. 
Bci., Ill, vol. .tl, IWO, pp. 12M44. 
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lust Aiignnt Ijcfore tlie (jeologionl Society wf America. I sliow 
tliat the volume of the drift contained iti the last ice-sheet when it 
was melted from these st«te» and J)^o^'i^oe appears to have ranged 
from ver>' little on some tracts to the thicknesit of at leaat forty 
feet on other tracts. On the avert^, T believe that it was not less, 
but prolmbly considerably more, than my estimate of its amotint 
in New Hampshire, namely, Ilie equivalent of a uniform sheet of 
drift six or seven feet thick. 

In (ircat Britain, however, the material of the kames and other 
iu<Klifie<l 'drift is thought by Prof. James Getkie to have been de- 
rived almost wholly from sul^lacial drift through the action of 
streams flowing lieneath the ice-sheet: and he lielieves that there 
was verj- little englacial drift, (jiiite too Utile to permit the en- 
glaciul derivation of tlie stratified drift which is affirmed by Torell, 
I-lolst, niul others in S^weden, and b}' Dana and many others who 
have studied the drift of North America. But another eminent 
British glaeialist, Mr. <■. \V. Lamplugh, in a vcri' complete and 
valuable discussion of the drift deposits of FlamI)orough Head 
and other parts of Kngland, publishetl this year, thinks that the 
ice-sheet which move<l outward from Scandinavia an<l the high- 
lands of Scotland and northern England, sweeping across the low 
area that is now the l)ed of the North Sea. and then encroaching 
on the Flam)>oi'ongh coast, was charged with a lai^e amount of 
cnglacial drift, not only Norwegian and Scottish Ix>ulders, lint 
also murine ilcliris 'with fossils, gathered u]> into the ice from 
ground that luul been previously and is again now the sea bottom.* 

Inthiscountrj'.we owe to Prof. James]). Dana the earliest enun- 
ciation, more than twenty years ago. of tlie doctrine that the ice- 
sheet contained abundant drift and deposited it during the final 
melting, jiartly as unstrutified and i>artly as stratified drift;t and 
only a few years later this opinion was also published by Prof. N. 
II. Winchell. witli esiKTial em|)hasis on the elTect of the superfi- 
cial melting to cause this drift to )>ei-ome superglacial. * Both 
these authors appear to claim that a lai^rer proportion of the whole 
volume of the drift was englacial at the close of the (riacial 

•Quart. Jour. Geol. Society, Ijoncion, vol. xlvii, IWH, pp. 384-431, witti 
uia^ and sections. 

+Tnin8., Connecticut Academv of Arts and Sciences, vol. ii, IHIO, pp. 
fifi-Sfl. Manual of (Jeology, editions of 1874 and 1880. 

I(ieoI<i}ricHl and Sitiiral ilittorv Survev of Minnesota, First Aannal 
Itepnrt, for 1(<T2, p. tl3. Pi>p. Sci. Mdntlily, vol. Hi, 187;l, pp. afl3, 2«4. 
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pcriiKt tlinn I nhould l>e hI>I«, oh tbe !>&»!» of my uhiwrvatiotw and 
the foregoing criteria, tu admit. Tbere w«re surely, as T thiak, 
extensive aikI ttiick <l«-|>uHlt>i of Hiibglacial tilt, l)esi<)e8 aome 
Hcanty Hubglncial beilH of ntrutifiMl gmvel, itand. and clay ; and 
tbe i^gregate mass of tbe suliglaeial drift »(>)>eHrs to me witliout 
donbt to esoeed, and [lerbajm two or (bn-e times over, the miiXH 
of the iee-beld drift. 

Tv»tii>vmy i>f Exirtiitij Iit-»/'ffli. l>r. N. 0. Hoist in his ex- 
nmination of poilions of the mar^n of tlic <>n>oiilaiui ice-»heot, 
found extensive de^HMitM of lK)tb englaeial and siiliglacial drift, 
reupwtively oliai-aeterized liy lingular and l>y glaoiiitod stones and 
}K>ulderit. Tbe liirgcst accnmultition of su)x.'rglacial drift, wbich 
had htivti englat'ial, was ol>sei-ved on the Houtlient e<1ge of u lube 
of the ice near Frederikshaah. The drift eoAering tin' ice surfaoe 
here extends along a distance of nearly twelve miles, and michea 
a linlf mile to one and a half miles uik>ii the ice. Ao<-unling to 
Hoist's Swedish rei>ori of his obHen'ationM, summ:irize<l in transla- 
tion liy Dr. Josua Linduhl,' the quantity and u|>|mt limit of the 
snpei^liicial drift at this locidity arc as f<illowM: 

Itt thfcknvas is alwftyg great«at near land, but here il is often (|ulte 
dlfllcult to eBtimate its actual tlilcknea?, is It BomellmeB for ma a compact 
covering, only in some Hnsures showln); the underlying ice. Tbis un- 
even thtckoess of tlie moraine-cover offers to the Ice a proportionally 
vaiying proteetioa againiit the suu. IttliuB happens that the uuei|U>l 
tbawJDi^ moulds the underiylng Hurface of tlie Ice Into valleys and 
hills, the latter Bometinies rising to a hi^ht of iffty feet above tbe ad- 
jacent valley, and being so itensely covered with moraine material that 
this completely hides the ice core, wiiich, however, often forms the main 
part of the hill. 

Farther in on tlie Ice, the moraine gradually thiniii out At tbe local- 
ity juBt referred to, the moraine-cover, 8,000 feet from land, measured 
several inches in depth; still the ice was seen in some bare spots. l(e- 
yond 4,0()0 feet from laud, tbe moraine formetl no coutiniious cover, and 
At 8,:i00 feet it ceased entirely, with a perceptible limit againat tbe clear 
ice. Only sonie scattered spot^ of sand and gravel uere met with even 
a few hundred feet fartlier in on the ice. Dr. Hoist estimated tiie aver- 
age thlcknesB of the moraine taken acrosR ItB entire width near Its east- 
ern end at one to two feet. The limit between the moraine-cover aud 
the pure ice in always located at a cousiderahle Ihoiigli varj'ing elevation 
aliove the edge of the Inland ic<'. In the Instance of the aliove-meu- 
tioned moraine it varied between 200 feet and 500 feet. 

Terminal moraine ridges in process of aeoitmuliition ou tlie 

«.Am. Naturalist vol. xxli, pp. aftfl-Sns and TO.VTin, -Inly and Aujt., 1888. 
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thinned Iwrder of the \(x, were xeen in several places, itomfltimes. 
as shown by the following quotation, consisting chiefly uf suh- 
giacial drift, elsewhere of englaoial drift. 

The border inoraineB north of the Areuk fjord loe-river are visibJe far 
out on the sea ofl Ivjgtut. Dr. Hol«t examined one that aurrooada the 
BOutbemmoBt strip of land at a diRtaoce from land uf about 3,000 feet. 
It la not one continuona rfdge, but consists of several disconnected pur- 
tloue arranged in a semi-circle. One of these portions was about 30i>' 
feet wide and thirty live feet high. This raoralne was mainly a graund- 
moraine, prolmbly forced up by some elevation of the ledge under the 
fee. 

Another border moraine to the north of Komok's northern ice-river,, 
was of a diiferent character. The Htones, at least at the surface, were 
greatly in preponderance over the gravel. The; were angular and of 
varying size. The moraine showerl some arciiatlons, but taken as a 
whole it waa parallel to the land. In isome exceptional instances it ap- 
proached chMely to the land, even so as to toucii one of the projecting 
points, but generally it was located some distance away from land. lis 
width was estimated at 100 feet, and its higbt at more than fifty feet; It 
should be remembered, however, that it might have had a core of ice> 
Its length was about one and a half mile. South of this moraine, and 
farther In on the ice, were seen three more moraines, the greatest one 
extending about I,OUO feet In length. Two of them were parallel, one 
inside the other 

Still more impressne te^liuionj if a larKc amount of englaciat 
and finally sn|>ergiftcnl drift is gn*n !>> Mr I C. Russell in his. 
description as follow h of the Mulnspum glncnr or ice-slie<?t lying 
Wtween the base of Mt ""t Hias and the ocean. 

This Is a pleateau of ice ha\ing an area of betuecu 500 and 000 square 
miles, anil a surface elevation va the central part of between 1,500 and 
1.600 feet. It is fed by the Agasslz, Seward, Jlnrvine, and Ilayden gla- 
ciers, and is of such volume that ft has apparently displaced the tea and 
holds ft back by a wall of debris deposited almut Its margin. All of its 
central portion Is of clear white Ice, and around all ita inargins, excepting 
where the Agassix and t^eward glaciers conie In, It la tiouuded bj- a ftin<K 
of debris and by moraines resting on the i<re. Along tlie seaward bor- 
der the Iwit of fringing moraines Is about Hve miles broad. The inner 
margin of the moraine belt Is composed of rocks and dirt, without vege- 
tation, and sejjarated more or less completely Into belts by strips of clear 
.ice. On going from tlie clear tec toward the margin of the glacier one 
tinds shrubs and ttowers scattered here and there over the surface. Far- 
ther seaward the vegetation becomes more deuse and the dowers cover 
Ibe whale surface, giving it the appearance of a luxuriant meadow. 
t>till farther toward the margin dense clumps of alder, with scattered 
spruce trees, become conspicuous, while on tlie outer margin spruce 
trees of larger sixe form a veritable forest. That this vegetation actually 
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gruwB I>n the morainea above a living glacier le proved beyond all ques- 
tion by holes and crevasses whicb reveal the lee beneath.^ 

The abundance of suporglocial drift on this amall iw-slieet iu 
Alauka, and its comparative HcantineMH on the greater part of the 
border of the extensive ice-ahcet in Greenland, seem readily ex- 
plained by the recent and present rapid decrease of tiie Alaskan 
ic«, while that of (Greenland is pntbahly now increasing and the 
climate growing somewhat colder, t 

Both these ice-sheets lie on or near very monntainous districts. 
It will be of the highest int«'reBt to glacialiHtH to obtain similar ol>- 
servntions of the Anbirctic ico-sheet, for most portions of its vast 
expanse seem to flow out into the sea from areas of low land, 
more nearly representing the Imsin of the North Sea, from which, 
according to Lamplugb, the confluent Scandinavian and (Scottish 
Joe moved upward over the eitstem shores of Knglaixl, bringing 
much englacial drift derivctl from that lower area. In like situa- 
tions, too, far from mountainous or even notably hilly country, 
are the localities which have afforded to me the greatest estimateil 
thickness of the englacial drift, as about forty feet adjacent \xt 
the Altamont moraine on the Coteau des Prairies in southwestern 
Minnesota, X and about the same amount where cnrrciits of the ice- 
sbeet converged from the northeast and northwest at Bird's Hill 
near Winnipeg, Manitoba, i In each of these places the englacial 
drift is lai^^ely derived from the neighboring low region. 



THE WINNEBAGO METEORITE. 

Uj E. N. Eaton, Amex. Iowa. 

Tn the August numlter of the OEouwtiST professors Torrey 
and Barbour again putilish their analysis of the Winnebago 
county meteorite. The analyses thus far published vary so 
greatly tliat I hesitatingly add a preliminary one made by myself 

**'An K.xpeiJltiOD to Mount St. KItaB, .\laeka," National Geograplilc 
Magaxfne, vol. ill, 1801. pp. 185, ISA. 

tAM. GEOixjfilsT, v.,1. vlil, pp. 145-153, Sept., 18«1. 

{(ieot. and Xat. Hist. Survey of Miniie'ola, Ninth AuduuI ltei>ort, for 
1880, pp. .1'!£-:t20; Final Kepoit, vol. i, I8S4, pp. 008, 604. 

j^ieol. anil Nat. Hist. !4urvey of Canartu, Annual Report, newseriesr 
vol. Iv, for l*tfj Sli, i>p. 38-40 K. 
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tioon after the "fall" and published in the ^luroru,* « magiuiue 
editetl by tbe students of the Iowa Agricaltural collie. 
For comparison these analyses will be placed together. 

HBCOHDRD ANALVHEH OK THE WtKNEBAftO M 
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In their last article proffHsoDt Torrey and Barliour do not give 
tbe iM?rcentii(ie of metttl. but in a former article under the »ame 
analyais of matrix it is ntHtcd to l>c 45'^ .*• In the fonrth colnmu 
the annlysiH iH caleiilatetl on thi>t baxiH. 

It will Im" olwerved that Torrev and BarlKnir'a annlysia contains 
over twice as miicli metal, almoMt seven times aa much lime and 
leHs than one-fonrt(>entli aa mnch magnesia as that re|X)rted by 
Eakinn. Do the sections of tbe aerolite show snch diversity in 
chemical (-omixiftition ? That it is not altogether homt^eneous ia 
evident from a microscopical examination. The niekeliferoua 
iron occnrst in nodules of varying size while there is no r^pi- 
larity in tbe distrilnition of olivine, triolitc, ferrous oxide 
or other const it iientH. Also in the fragments the surface i8 
oxidized in an extremely thin layer wliilc on the larger masses it 
is somewiiat tliieker. That this varialiility is not conspicuous in 
dealing with larger masses is indicated by Torrey and Barbour 
obtaining tlie identical specific gravity as that reported by Kunz 
(3.f>0S)tf while my own |:i.(>7) is nearly a medium l)etween Knnz 
and Kakins (:t.H04 at ::s.5C).t; My chemical anal>-sis eorre- 
sixinds quite closely with Kakins. 

*Vol. XIX July, tawj, II. 62. tAm. J. 8c. Vol. 140, tSOO, p. 312. 
^AtlowiDR 43 per cent, tor metal. 

^Some of the iron combined an FeS hence per cent. FeO too large. 
In original article estimated as Fe.O, (21t.68 per cent.) ^ Ferric oxide. 
**Am. Jo. 8c. Vol. 180, p. r.21. 

t+Trans. N. T. Acad. Sc. Vol. ix, No. 8, Mnv-Iune, also Axebican 
Oroi^oiw, Vol fl, p. 24fi. 
JJAin. J. Sc. Vol. 140, p. HIS. 
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In reviewing the facts iironentwl by the aDalysiM, i>ne in iiictiDed 
to doubt the veracity of the specimens upon which profeiwors 
Ton-ey and Barbour mtule their analynea. In view of the num- 
ber of counterfeit specimens that were exhibited soon after their 
value became known, some of which resembled the meteorite 
closely, u mistake of this nature might easilj' occur. 

The specimens ujMn which my analysis was made were sent by 
5Ir. Eugene Secor, of Forest City, a trustee of the Iowa Agricult- 
ural College, to Prof. Herbert Osbom, and are now under his 
care in the college museum. Other specimens were sent to me 
by parties in Forest City, and I think there can t>e no donbt 
as to the genuineness of the sampler analyzed. 

On the whole it would app«.«r adviMable that there be a careful 
revision of the work for such variability in chemical composition 
is unparallcleil in the hisUu'y of meteorites, and if tinte should 
have clear ciinflrmutory evidence. 



EDITORIAL COMMENT 



RUrKST STiriUBS l\ 8PllKBrr,ITir CKV9T 

ConititiUion <ind origin of »phendite» in iicid f-niptice roekt. Whitman 
Cross. (Phil. Soc. Wash. Vol. ix, pp. 411-444.) 

S^teriUilie erg$laUitalioR. Jos. P. lunities. (Phil. Soc. Washington, 
Vol. IX, pp. 445-4414.) 

Mr. Cross found, in the investigation of spherulites and litho- 
physse of Colorado that the views both of the Qerman and the 
French and of the English petrographers were inapplicable and 
the schemes of class ill cation were unsatisfactory. He sketches 
German opinion, from Vogelsang to Zirkel and Rosenbuscb, with 
critical ol>servations. lu particular, the term " micro felsite " 
proposed by i^irkel un<l (V>nsidered by Kosenbusch to signify a 
distinct mineral species occurring in scales and fibres and having 
a characteristic radiating sphenilitic structure, Mr. Cross con- 
siders with Iddings, Teall and Brllgger to be improperly defined. 
He rather inclines to the opinion that these substances consist of 
a "submieroscopic" iiitergrowth of orthoctase and ijuartx, an<l 
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thnt tlie flbera and HCiiles i» th«t ground moas of poi-|jli.vries and 
rhyolites may be minut* particles of feldspar indptfrniinable liy 
existing means of reaearcli. 

In a similar manner tlie term "petroailex" is empl(»ye(l by the 
Prench iwtroftrapliera. nnder tbe te«d of Michel-Ijevy, in h loose 
way, as is admirably illnstrated by tlie definition, "a partiallj' 
aniorj>lions magma impregnated witii silica already individunlized 
in a state of opal or chalowlony. "' Spherulitea are su]>posed, by 
tJie same authority, not to eonttist of known minerals, unless tliey 
l>e ((narts and feldspar, intergrown in the manner of pegmatite. 

The result of the author's study of the Colorailo material seems 
to show that indefinite sultstiinces, snch as crystallites, petrosilex 
and mtcrofelslte, have l>een assumed to !« present unnecessarily 
in many eases heretofore, under the influence of preconceivol 
ideas. 

The cbemical constitution of the pitohstonc coittainiiig the Col- 
orado sphenilit«s shows, that on complete crystallization the rock 
resulting would Ijc eom]>osed nearly two-thirds of alkali feltlsimr 
and a little more than one-third of free silica. The author ooin- 
eides witti Iddings in the description of Oi^sidian elitf, that^ in- 
stead of l)cing due to an arrest of crystallizing consolidation (sup- 
))osed by nil Kun)pean authors) spherulites of the smallest size as 
well as the larger sphenilitic masses, are due to the crystallization 
of some <1efinite minerals from a magma, under special conditions. 
There are a few older crystals in these rhyolites which, at a period 
prior to the sphemlitic, were formed from tbe magma and by 
their arrangement bring ont tbe fluidal stnicture. These took up 
the small percentages of lime, magnesia and iron oxides which 
analysis shows to exist in the pitchstone. forming phenocryst^ of 
plagioclnsc, leaves of liiotite, mierolites of augite and trichites of 
magnetite. Mr. Cross examines specially the larger sphemlitic 
masses. but he considers even the smallest to consist of definite 
and often identifiable minerals. 

As to the origin of these spherulites, Mr. Cross supposes that 
amorphous silica plays an important role. First a colloidal bu1>- 
stance. embracing the elements of silicJi and of feldspar, is sup- 
posed to l)e separate*! from the magma, this being ' 'a local change 
in the clmracter of the magma,'' but whose cause and attendant 
conditions Mr. Cross does not attempt to state. From this pri- 
mary colloidal globule are generate*! amorphous silica in one di' 
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rection and felilapar in another. X\w Intt^r taking radiated and 
branching fonntt under varj-ing tension and visposity in tlit' mag- 
matic masfl. As tlie colloidal BiilHttance ia further separated, the 
Hpeeialized growths goon ^jiiri pit*", resulting in eoncentric zonal 
strncturw or in nidiateil spheniliteH, or imperfect arlioreseent 
forms — and iwmetimes in boloerjetHlline sphemliten. 

It iH dilHcnlt to sec. from the disoiisBion, wherein Mr. Crotts 
tln<ls warrant for the existence of this siip[Hi>«e<l anterior, globular 
colloiilal substance, or wiierein his bypothenis enlightens or oven 
embraces ' 'the conrlitions favorable to or causing aphenilitic 
growths," (p. 4.H5) which he announces as it^ purpose. In fact 
it appeam, from the statements of Mr. I'niss, that the general 
magma, after the primary segregation of the phenoerj'sts of plag- 
ioclase. biotite, microlites of augite and grains of magnetite, IukI 
nothing left but the same elements that he deems characteristic of 
this colloidnl aulwtnnee, and it is perhaiw reoiMnable to suppose 
the magma itself, eu mai"f fil this time was colloidal and gencr- 
ate<l the spberulites in the same manner as supposed for the iso- 
lated colloidal globules. It is only by a-nsuming the minute pri 
Dmry gloliulcs of the magma itself as it existeil just prior to the 
up lieni lite -forming sbige, ax the initial colloidal globules, that 
there can be. so far as we can see, any warrant for the hypothec 
sis, and if the hypotliexiH lie rwbiced to this, it is no hypothesis 
at all, for it only assumes ft well-known condition of amorphous 
matter. Mr. Cross's discriptions are clear and comprehensible, 
and thoi>a]>er. aside fn>m its philosophy, is a valuable contribu- 
tion to American p<'trography. 

The paper of Mr. Iddings treats of a stage in spherulitizatiim 
Hubsetgueut to that almve deMoril)ed, viz. : the process of forma- 
tion of the crystalline inter-growths and the characters of the enis- 
tals formed. It is based on a study of a new aeries of thin sec- 
tions of the litboidite of Otnidian Cliff, in Yellowstone Park, the 
sections presenting 20 examples of one phase of the rock. The 
new study in Sir. Iddings' opinion corrolwrates. and also extends 
the conclusions reached i)y the former research, adding three new 
minerah. tounualine, mica and zircon, to this rock. Mr. Iddiugs 
likewise rejects, as he l>efore ignored, the term " microfelsite,' 
and Iwlieves it is demonstrable that even the finest of the splicru- 
lites are but verj- small forms of laiger ones wIiohc structure and 
compoaition can be olwen'e<l. 
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The paper in taken up mainly with tbe reeoni of facte (leHcrip- 
live of the miera-xtnietHre of the eryHtjillizHlioiiH seen in tbeMe 
fphenilites. There is. however, a hy put helical underlying catiHe. 
or eoDception. which Mr. I^tdinipt enterlainn oh the initial condi' 
tion prece<lent for the formation of spherulites. viz. : the pres- 
ence and uni-(|iiul distrilMition of water-vajMir within the >>iticeoii» 
matpna. This water-vapor steemH to act. an presume^l hy the 
author, rather phy»ically tlian chemically and to determine 1>y 
itM greater umoiitit iu localitieit the greater molecular mobility 
within the molten magma which locally permits crystallization. In 
other wonbt the conceptiim of the author is that where ni>w exixto 
a spherulite witliiu the olisidian glaKit. originally was a Iik^I ceii- 
Ire of greater hydration than in the magma in general. Thia con- 
'litiim preceileut anHwent. in Mr. ItMiugH' hypothesis to the col. 
loiilal globule in Mr. C'roHij'H. iKit neither of the hypothescM aims 
to accimnt forthe initiation of the actual crystallization. 

.Vt lirKt ghince there seemx to lie an olistaele to this assame<l 
unetjual distrilnition of hydric vapor, and it is the same in charac- 
ter, as that litated by Mr. Iddings :igainst an uneqiul distrilKition 
of heat -'throughout any considerable mass of the magma" (p. 
446) viz. : i» tUr aolHr' iif the rutf. Ileal an<) hydric vapor, in their 
manner and degree of distriliution, an*, when Imth are present, if 
not identical, so intimately correlative that what may be assumed 
for one. may. |N-rhai>s. I>e assumetl for the other. But it miiat be 
admitted tliat there is a fundamental distinction to lie observed. 
in this c»He. between the pn-sence and pmliable manner of distri- 
bution of heat and the prt-H<>ncc and prolKil>le dbttribntion of 
water-vapor. Heat, in a molten eniptivc nK'k, is primar>- and es- 
sential and may reasimalily 1h' snpjH)se<l mrt to present great var- 
iations tfanxighout 'liny considenible mass." )>iit hydric vapor is 
secondary- and accidental, and may l>e !)Upt>o:ie<l to l>e most 
abundant at thi>se [xiinbt where the molti'n magma may liave Iteen 
brought into cimlact with su]>erflciul waters. Such accidental 
contacts woutil. in the first place, cause u rapid and general diffu- 
sion of water-vajmr through all the adjoining cnist. as well as 
Ihmngh the molten magma, and it would Neem Inevitalile that 
some parts of the magma, even throughout ■■considerable masses" 
would l>e affectc^l dilTerently by its presence in ditfering amounts. 
Notwithstanding this distinction, howuver. in tbe nature of the 
origination of these two elements intlie U(|uidity of the magma, it 
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must Hjiain Ix' .admitted that the very net i>f VH|K>riziitioii of water 
when bniught into ntntiict with » molten iDu||rin:i. woiiI<i alwtract 
heat locally from the magma, and that the local ditTerencos in tb« 
heat of tlie niagma would extend }H>ri pag»n with the production 
and diffusion of the va|ior of water. Inde«dtliese two progresftive 
changes would almost exactly complement each other, and hence, 
again, the preseniv and the distribution of hydric vapor ''through 
4-onHiderul>le muMKes of the mi^ma" wonld not j>erlia])H l>e any 
more nn<<<iHaI than tlie distriltutioii of h<rat. 

It must 1h> underatood, however, that hen- we are considering 
-' 'eoiiHide ruble inaHses of the ma^ia, " throughout wlii<-h compared 
with other considerable maHsu's there mar or may not have been 
diffeivncM'it of heat and hydric vajwr. Thiw is quite a ditferent 
thing from theuiwumptionofcentr(.'9,or point»(foreachs[>hemlite 
is HupiMtted to have begun its growth at a ]x>int}, diBixwcd irregu- 
larly thnjugh the molt<m magma, at which there wan, temiwrarily or 
■ctmtiuuouHly a greater amount of watt^rj' vapor than throughout the 
remaiuderof the mass. These sphenilite!) are inimousely uumer. 
^>us. Some are lai^, and some an^ microscopically minute, (ind 
'«>metimes they touch each other. Then' must, under the bypoth- 
4<sts of Mr. IddingH, luive btn-n uu immennc number of individual 
lioints, uEm<x4t uu infinite Duml)er, at which, though separated 
fntm cAch other by microsopic dlHtances. tlierc were muiutalned 
gre-.iter amounts of hydric vaiwr than in the intervening spaces. 
Such 11 coueeptiim of the maimer of distribution of hydric vu- 
jHir is unique and can liardly !«■ aeeept«(l under the well-known 
laws of Hie diffusion of gases. 

We cimnot wh; uh either of those autliors has suggested — we 
will not say the cause but — the essential condition precedent of 
the formation of the spherulites in acid lava. Mr. Iddings' re- 
iiuirement that within the area of the developing splienilitc then- 
must imve bK'U gri'nter molecular mobility than in the surrounding 
magma, is a sti^p toward the solution of the problem. Whether 
this gn^iter mobility deiK'iided on a itilloidal secretion from the 
■uugma, enveloping the pt)lnt at which the crj'stalli salt ion Ix^an.oroii 
a [loiut or a globule.within the magma, which enjoyed a preponder- 
ance of hydric vapor, or of greater iuitial heat, each one of which 
mvins to us untenable, it is plain that the authors have made valua- 
ble and entlitable contributions to American petrology, and that in 
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the reHi-urch wlik-li tliey liavo ciiuilucteil, tlieir resiilti* liave been 
reacbetl independently, and iinterior to ail oilier iictrt^^pbers. 
In (y)nclitsion wc would suggest ttiat perhiiiM, if the initial step 
of tlie coujiinrtion of ttvu <ittferiii}{ iiiule<^uleH into cliemical union 
\». lulmitted iM the xtiirtiiig jmint, such an tht- molepnleit which 
mitke on(> iiioltH^ule of oiIIiocIohc, there may tiave Ijeen developed 
enough lieitt to nuiMe the similar union of tivu otheni. 
and that two othei's, nd uijiiiitniii or nil Jtiieni, thus pmaiotin)! 
the loeal ditfereuce of U(>iit required on wliieh In )K>stult)te the 
local ditferenct^ of molecidiir iiiobility. It seems tliat tlie Initia- 
tion and the maintenance of the );rowtli of sphemlitic crystalliza- 
tioti, in the same manner as of all other ci'ystallization. 
mnst be sought for in the oeeidt laws and ntlatioos of cbem- 
ical afilnity. It also sceems that cm plij'sieal iittcndaut 

conditions <lepend the forms of gntwth which the <;rj-stal- 
liziDg matter shall take on. It is neeessarj- to s<tek for thos«- 
physical surronndings in the magma, in the ease of sphemUtcv. 
which may have prevented the second »n<t succeeding motecnlcs 
of orthoclase from placing themselves alongside of their earlier 
brothers in accordance with the laws of the crystal system to which 
orthoclase l>elonfrs, Jin<l thns fi-oni Ixiildiug up u perfect ninno- 
clinie form. 



Kf:vn':\\' of UECE^'T gkoj.ogioai. 

I.[TEEATLriiE. 

iJeoloiiiKal mill yulural llUUiry fiurrry nf Caiuutn, Alkkkd II. V. Sti. 
WTK, DirKlor : .Unwrl JteptTt, 2>'eK Si'.rif*, eul. TV, for 18mS9. Mont- 
real: 1800, 8vo, |ip, xsli, 1054; with three plates engraved from pboto- 
j^iaphs, four maps, and ii sheet of tiet'tions. Price, fS. The BUmmaiv 
reports of tlie uperationa of the Survey during 1880, by the director and 
aaalstantB, cnniprisea 60 pages. The (^ost of the Survey during the ilscal 
year ending.Iuue 80tU, 1880, was «IO(),Oin.96. Sales of the Survey pub- 
lications lu 1880 amounted to ^,000..'i7', and wlthiti this year the number 
of visitors to the Survey Museum v.a.% 18,300, \k\us au increase of S8R 
as compared with the previous year. Tlils volume also IncludcK thi' 
followint; tmpera. 

lUporl u» II iK'Hion ./ Ihr WiH K.H>tioiie IH»Mel, lirUi-Ji f:.iluiul'iu. 
1889. By tlEORSE M. D.twsUN. Numerous recent discoveries of valu- 
able Hilver-beariug ores In the mountainous country adjoining Kootanie 
lake and the I'pper and Lower Arrow lakes of tlie Columbia, led to tb*- 
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geologii' recoimalsMinrp which U \wn described !□ 60 pHges, wltL & tB.b.\t. 
These long Hidnarmvr lakes, meaguriiigroxpectlvely alioiit W, 40, ami 
51 niilefl id Irngtb from nortb to iiaiith, and one lo twii miles iu width, 
<x:cupy baslaa that were prolialily [ire^lacial river valleyR nt similar 
origin with the f}oTd« of the coast. Of two Boimdmfpi in tbe Upper 
Arrow lake, one showeil a rtepth of 400 feet, and the iitlier failed to 
reach the bottom at 720 feet. Id the I-ower Arrow lake thd deepent of 
three souiidinj^ was 4*10 feet. Kootnnie lake is prol)alily deeper thao 
either at these, but wan Dot sonndeil. Tlieir a|i|iro\1m»tc liightH above 
the iten are aa follows: I'ppcr Arniw lake, 1,300 feet: I^ower Arn.>w 
lake, 1,:tX0 feet-, and Kootaaie, \,lsa feet. Tbe Gol<l and Selkirk nioimtain 
ramgoB rise gti?eply on each side of these lakes to elei-atiims 4,000 to 
»,000 feet above the sea. 

A general section of the rocks exposed In ttieHe portions nf the Cordii- 
leran Iwlt Is as follows, in descenillng order : — 
Greenish and grey seliista, with many beds of limestone in tlie Peet. 

lower part 3,00(1 

Limestone or marble, often l>anded with siliceous layers, and 

assopiateil with blaitk argllllte and grey schists ^,500 

Cbielly greenish schists, with some grey schists ^ffiX* 

Chielly grey schists, and locludiug some p;reenlsh schists, consti- 
tuting, with ttie last foregoing, tbe .\daii)8 l.ake series. i4,0.'i(i 

Itlnck, shaiy or schistose argililteB, with mnr-h dark limestnne, 
both Ining often more or less micaceous, nameii the Nlscon- 

lllh series, probably 1,000 

Mura schists, gneisses, and marbles, completely crj'stKlline and 

often highly siliceous, named the Shuswap series .),000 

The total estimated thickness of strata is thus 3S,300 fct. No dis- 
tinct nnconformlty is found throughout the entire section, but tlie lowest 
division Is provlsloaally referreil to the Ar<!ha-an, while Ilie higher for- 
mtfloDS, though destitute of fossils, are thought by Dr. Dawson to repre- 
sent varioiiB periods throagh the whole Pahtonoic era, from the I,ower 
Cambrain up to the Carlmnlferous, inclusive, ileshtes tliese stmtitled 
formations, )];ranltes and granitoid rocks occupy a targe jMirt of the West 
Kootaole district, their principal area bein;; tlie basin of the Lower 
Arrow lake. 

Nearly all the metalliferous deposits occur in tbe »tr«llle<i rocks. In 
tb« nbuswap series they are mostly galena, with some bleixle and pyrites, 
and are of low grade as to their content of silver. Itlch argcnt1feroui< 
veins traverse the Adams Lake nerles and tbe next overlying limestone« 
and argllllte schists. 

On the top of Toad mountain, which lies near tbe jiiuction of the 
Kootanie river with the Columbia, at a distance of about twenty-flve 
miles north of tbe international boundary, glacial strlie in bearings be- 
tween B. 6' and 38 K. were found at the altitude of 0,090 feet above tbe 
sea. They are attributed by Dr. Dawson to an Ice-sheet that was accum- 
ulated on tbe CordUleran mountain belt in British Columbia, adjacent 
portions of tbe I'Dited States, and the N'orfhwest Territor;!- of Canada. 



I .y Google 



3i>4 Till- Ami'i-'nvn GetiJiXjinf. Um-mber, itw 

lu nltnust e.\a<-tly iLe auiutt lutUude, but about HO riulee farther west, 
similar southwanl ^ladntlcn ie fouad on Loadstoue l*»«k at » hlgbt 
of (l,:«0 feet. 

;&/<«/■( o« ([« cxiitorativa in tlu Tukoa and Matkruih Batiif, K. W. T. 
Ily K. c;. HcCoNKKLL. Thh memoir of IBH pages, with an Index map 
of tlie cDiiutry described, iB based on obMrvatlons during 1S8T and 1888. 
'I'tie intervening winter whs spent by tite auUior at Ft. Frovldeiice, a poat 
of the Hudson's Bay Company near the west end of Great S^lare lake. 
r*ouie Idea of the vastness of the region embraced by this report may tie 
inferred from the navigable extent of the Mackenzie rirer, on which 
this comiiany'fl steamer rims about 1,800 miles, from Fi. Smith on lati- 
tude <IU to the I'eel river at the head of the MackcuKle delta. Devonian 
rocks, in some localities yielding many fossils, form the greater part of 
the country bordering the Mackenzie below Great Slave lake; but on 
r«rtain tracts they are covered by Cretaceous marine strata and Tertiary 
lacustrine l)odB. Boulder clay and other drift formations oi-cur along 
the whole rotirse of the SlackenKie, but only on the upper portion of 
the YDkon. 

In niaoy placee on the Macken/.le, as also on the plains of Alberta and 
Assinihoia, the iKiuider clay or till rents on a great thickness, sometlroei 
fully ir)0 feet, of pregiactml gravels, which seem to lie the analogue of 
the Liifayette formation of our southern states. These lieds In the Mac- 
keu/lc basin I'ontain well rounded cobbles up to eight or ten Inches in 
diameter, incluiling many of gneiss and granite derived from the Arch- 
n-an area far to the east. They are intimately connected with the boulder 
clay, auil in one place were oliserved to alternate with it. 

An appendix, fliling 18 pages, gives meteorologic observations, taken 
twice eoeh day from June 23th, 188T, to the same date of the next year. 
A single station, Ji't. Providence, was m'Cupied seven months, from Oct. 
Ith to the I'ml of April. 

U'-jxtrl :/ Kj-jil'ir-ili'm of Ihx UUfi<il lAikf .Vjiifit in MoMitiilxi. By 
Wauiibn ri'KAM. pp. ise, with sections, and two maps. Iteviewetl in 
the Am. ()i«>i,i>i4Ist, Harrh, 18&1. An extract, treating of the history of 
thlH lake, has also iieen reprinted In this magazine. Two appendixes 
iiccouipany this report, one giving courses of glacial stria.' about Hudeoti 
l>ay, lake Superior, and westward, anil the other tabulating altitudes de- 
termined by railway surveys in British America from Port Arthur west 
to the I'arinc. 

Jie-iion on I/,' Miaerid lienm,-B.-» ,.f llir Procinee of Qud-^r. By H. W. 
Gli^. pp. 150. The growth and present condition of the various mining 
industries of this jiart of Canada are concisely stated, from Information 
eral)o<lied in previous reports of the Surrey and of experts, from arti- 
I'lfK in Kcicntiric journals, H,nd from mining superintendents. 

Hri«'/1 on tkt Snif.iff lia'hi/ff of .Soiilhern Nne Hruiifirifk. By Hokbrt 
I 'II A I. v Kits. pp. 09. The part of New Briinswick descrllwd in this re- 
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port bunlerit llie llay of Kuiiily, exl«ndlug fnnii iLt- Maine Iwmiiliir;' ou 
the went l« the IslhmiiH of Cbkf^ecto, uniting this jirovince witli Nova 
SiKitia, on tliL- east. A soutlieni hilly anil ntouutainoiis belt "f rrjcliil- 
line ronkD, some thirty iiiilea niile, riinH along the cobbI; and liut:k of 
tble ie a low, broatl Carboniferous area, much of ft beneatb tlie 200 ftri 
contour line. Klver valleye, now |>artly submergeil hidieate tlint tbe 
country stmxl ut a greater eleratlon, being not lesx than 200 fi'et liiglier, 
<l)iring late Tertiary time; but after the departure of the ice of the 
Glacial period it wax fur bo uie time depressed about 330 feet, us la known 
by fOHSilireroiiB marine bedn overlying the glacinl drift, iinil the seuthen 
i-ovi^red the (liiegueoto iBthmiis. This subaidence ngn'es i-I'Mely with 
tltat found by Prof, (leorge tl. Stone in Maine. From the depression 
the land was re-elevated {■onsiileralily iilwve Its present If'Vel, thiK being 
shown by a l>ed of peat at a depth of alioiit 80 feet under the Tantniiniir 
B^t marsh at the head of the llay of Fiindy. Tbe latest movement has 
been downward, but seems to have censed. Sea clUb, beai'b ridges, an<l 
tall mareheH. nhow that now ami at least for some centuries past the rel- 
ative leveln of land and sen have l>eeu nearly or quite statlonarj'. 

Preglaeial d<-cayed rock and iieda of gravel ou many tracts imderlli' 
the till, which is often thin or almost wholly wanting but occasionally 
attains a thlckueaH of .'M or 60 feet. Drumliue, moruiuca, ami kamiw oc- 
cur somewhat a» in the New England atatea, and tlic region ia nearly 
everywhere profunely atrowu with Ixiuiders. The Leda clays and Saxi- 
cava aands ext^tnd to tbe hight of about 220 feet; and at greater eleiu- 
tlons tbe district ia prevailingly mantled with unfoBsItiferouH Ih-Hs of 
coarse gravel ami sand, often Irregular in their stratilication and contour. 

Chemieiil (■.•i,trihtttiii„» I- lite OeiiUrgg nf I'-nmil'i, from Uw ljib»nif»ri/ -/ 
IheSurrfy. By li. Christian IIokkmanh. pp.88. This report comprlscri 
a large number of analyses and descriptlonB of coalu and lignites, nat- 
ural waters, iron ores, tlmestones and dolomites, etc., with nolex cif 
abnnt two hundred asaays for gold and stiver. 

Iti^rt III! l/if Jtioiiiy tind Minrnd Sttili'tien of ('■luiiihi fvr t/n yr-r l'<8s. 
By II, P. RuuMEU [>p. UU. The aggregate val je of tbe mineral products 
of Canada iluriug 1HS8 la tabulated aa 11(1,500,000. Coal stands ftrnt, with 
value somewhat exceeding fi,000,000. The product of Iron, bo fur iia 
statistics could lie obtained, was nearly i|l,IIOO,000; of gold, about :f1.- 
000,0001 copper, fWIT.OOO; petroleum, |TJ3,000; asbestus, |3.Vi,000. Tbe 
total e\|>ortB of mineral products during the year was |4,';!tt*,SH), of 
which nearly thri'C <)uarUTB went to the United States, and alxmt om- 
b>nth to (ireat llrltaln. 

JiicMon of Miiieml Kl.tti.lir^ ,n,d Jluung': Am,-..! Jl,-j,„rl /:,■ l.sfai. 
By Ei.KKic l>iiEW Ikkai.i.. pp. 124. The total mlnentl production iluriiig 
1888 was ^lit,MIO,tm. Each of the products before a|)ecil)ed for 1»xk 
thona an increase, eM:eptlng petroleum, which fell oft almut 20 per cent. 
The largest ^ltlo^4 of Increase are for iron an<l aabeatua, each of which 
advani'eil alioiit 10 per r'ent.: unci the value of the product of steel wa* 
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double. Iiehig 1^1173,000 iu IWiO.nlthoiigh at tlie Haiue tint? 
pric'i- |>er tun WW Trum nlHiiit f SO to f IIH. 

AHii"t<itrd l.inl "/ Ihr iliHeriilg ucriirriny ill Ciiimili'. By (■ 

Hiii'-KVAKN. The literntuiy of tlih subjert, both of the G«irlogical Sur- 
vey publk'ations nml iif tirU'ntlfic jourukle, h bere well epttmiilxpd. E« 
IH'i'Iit) Inilelitedneiw iti itcknow1«<lge(I tu tb? wrltinjn of Dr. T. t^leiry 
Hunt, whose exteurtwl aiid ImportHDt coutrlbiitlouK to the uiinenlogy of 
C'ltanilaiire ttated to lie the liagis of t1)U work. 

Siiiniipmf.nl .1 /" 'i-irryr {.. KaijlUhtX' i'lin Ciitii'jtfiar af .1liiiriiil»,Sfpt., 
1«IH. 7iB Broadwny, Sow York. 

ThiH bmu<;h more tliati ft (leftl«r*i> list of his ttuck for Ba1<-. It is a 
rarefiilly conipileil xketcli of n«w speriex creatoil sluce the appearance 
of tlipir cirlfclnal latalOKUe, with their phj'Hital ftnd cbeuiicnl charact«ra. 
The Hrm Is renderiu); a rt-al Mrvice to mineralogy In brliijcLng together 
ill convetiieiit fonn tlieHe xcftttered tiK;tii, and providing etmleutB with 
the ineiins of piwiirin); HpedmeDH. 

Fii'iii Jiiji'iii III ttiiiHiulii. ^telf/ir* '•/ ftarrrnlii'ii iiiiil ingiiirg in a 
tmi,- r<m«i( Uk' irorid in ISSJ-8. By Jamks llEKUv C'iiapin, 12 mo., IBS 
pp, illustiitted, Putnani'H Sons, New York, IStW. 

Prof. Chapia hax si-eii thliigH with iiw. keu of iiu iiii|ulriDg and 
observing geologist, niid hafi Hiiiceeded In niakiiie a very InBtriictive nar 
rative of hlfi tiip. 

Sol,- <m r-H't-tiK-'-liifHt •■••H<rli<l hg W. Ii.„fl.ii.d K-q^ ni A'.-ivi. By T. 
II. ilOLr.ASi>, E*|.,((i.J. (J. S. May, IWII, vol. vi.vii.i 

Although the Boutliern half of Korea may be looked u|iou sh a dis- 
tinctly blUy coUDirk-, there iire no niountnlne exceeding 3,000 to 4,000 
fet-t In higbt, and thette are for the most part riiimde<Uiummocks bound- 
ing riiv grr>wing valleyR nml plaioi'. 

The rooks building up theve hillx are ehletly memlH-rs of the gtou]> 
i>r crystalline Hohlsts and gaelssea, with graphite, garnet, dkhmite, and 
fluor iM'ciirring In I'onsltleralile abtiudance: Hnd the whole group formg 
pmltably a part of the great niasia of Archieau ro<'k9 of northeastern 
('lilnn, so well known tlimitgli the deserlptlou^ of Von Klchtliofau. 
StmtiMeO rocks of various kinds (shale)i,BiindHtones, grits and conglomer- 
ates | lie iincoiiformably on the schists in the southensteni part of the 
IH-niiifiila and are pr(i1m>>ly of Carboniferous age. 

I'brriiigh the [-rystalline schists and stratllieil rocks various igneous rocks 
liRv>' 1h-i'Ii eru)rteil. and an' now exposed as proje<^tlng dykes, or In large 
masses, iiH liare, n>nuile<l lulls and uiouutalus. Amongst the results of 
Igneous action gruiiile is the most couspiclous rock, lliotlte aud musco' 
vite granites are nuist widely distributed, and in places are cut by 
dykes of t'urite ( or "felstone." ) and veins of i|»art;( and pegiiuitite. The 
more Imsic class of rocks is represented by diorites, propylltes, ande- 
sites. ImsLiItf, doleritcs and gabbros. Interesting cases of the gradual 
passage belwi'en the sii-called inteniie<liate »nd liaiic ri>ck> arc found, 
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HDiI various stBgeH lu the dovltriflcstion AaA decompuBitlou of sn- 
<1eiilti(! lav(Ls are reptewntol. Thpre are uow no active volcanoeB, 
□either are tliprp any known records of the occurrence oi earth - 
i]ualcee. I'he only nianlFeBtatlua of thi> present activity of the int«r' 
nal forccB consists in th« warm springs occurrinj: In various parts of 
the iieninsiila. There is a notable \a^.^^fi nt mineral wealth in the south* 
'•ra part of Korea. 

l)ri>rHptiiia of a re-imirkiibk iieir Oraim iinil tperirt nf llnifhinpail ; Uy 
K. I'. WiiirrtEi.D. ( Trans. Auior. Ins. M. E. vol. <(r\, pp. 104-107, platt.) 

Hntphifitifiia hoUeifH-iii fMD. et sp. nov. Whitileld. This new bracUo- 
l»od vtaa collected by Dr. Arthur b'. Weadt from the Devonian of Bolivia. 
SmphiurveHa l)eion)t» to tlie Tereliratolidii', Jioth valv«M are plicated, the 
ventral being strongly convex, the donal sulcated, longitudinally and 
angularly. The internal ventral UaM a strong, deep triangular byeeal 
opoalng and muscular si/ar; donal Htrou;; crural processes: the loop 
iH unkoown. HbelL structure strongly fibrous, without any punctie 
undi^r a hand maguiller. The type in three and a half luches long and 
two iDclii>8 wide. 

r^f IMoti, JIMriii, Silrrr IH'tnrI: \ly Ahtuvk V. Wkm>t. (Tmns. 
Amer. Ins. M. R. vol. Yi.\,pp. :4-l(H.) 

'iliix paper Ik an exIiaiiHtive report oil the mlnluir, metallurgy, geol- 
ogy. et«., of tills faniouH silver district. Tlie city of Potosl is tiuilt on 
the v>>ry terminus of the glacial drift where It coven the JurasBic. The 
principal mlnPH near the city are In a dyke of rhyolite, which is perhapa 
H mile wldi' and Ixiunded on the east and west by the Tertiary. The 
northern ends of the veins strike Into the Jurassic rocks. The author is 
of the opiuion that these veins ari' very modem apd were still In course 
•>f ileposittou during the glacial period of Bolivia. Furtlier, he "would 
not be surprise<l If, on further i^rcful study, it should be determined 
that the age of many Kilver deposits of the North and Simth American 
continents Ih ns moileru as thp advent of man." 

/'''umt^ livtitiiji: lly II. Hkw -tv SoiiiTH-L.tuiiAcii. Knglish translatiou 
by Hknkt K. ¥. (i.^iichbv. Itevlsed by Eka.ii' B. B&Li^uit. Oxford. Clar- 
endon Presri, Iffill. pp. VII and 4<I1.' ( New Vork: Macmllhin & Co.) 

ilail it l>een the intention of the authors of this Imok to have it used 
OS a text liook, we should feel obliged to i-ondcmii any sucb iise, on ac- 
count of Uie lack of sufficient Illustrations, sii essential now-a-days to 
the rtuccessful use of a text lK>ok. "FushU Itotany " contains less than 
flfty illustrations, whereas a text book slioiild have uo leu' number than 
one-half Us nitniher of pages. However, the authors make no such 
idaim, tlieir obiwl liolng to make It au " Introduction to palttophytology, 
from the standpoint Of the iMtanist." It in suppose<l to meet the re- 
i|ulrements of the botanist. 'I'hls work on palicobotany seems to be the 
tlrHt so far Usueil in whl<-h the botanist hnds himself sU|ierior to the 
palH'olKitanist, and altliougl) a ** FohsII Itotany ,** paltvobotnny in it l>e- 
•-onu'H iL seeondari' consideration. 
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Foimil ISmiiin: By Clakksck Lowk hdiI IIknhv Ucmith, Xew Viirk, N. 
\>. C. Hodges, 1881, pp. XVI uiil 1H».— 4 plates. 

MeBsra. Lowii nnil Booth have made a very creditable compilation of 
the literature of thU subject. Tbey cite and deecribe eiglit aiUIioritieB 
from IHie to 18711. They liavt- apparently <:olIected all tlie available 
literature and one Is surprised with the result; a score or so of papers anil 
HO imir^ It seems almost incredible that so fascinating a subject should 
have received so Hniall a shsre of attention. The lack of material may 
no doulit Iw respniiHlblf for this. The tyjiograpUy of tU*- Iwok is ex- 
t;»edlngly Imd. 

Ov'-haif'l Exe;i:i..Hi; 18*m-18«0. London, Kubari. Stanhho. l.-ffll. 
pp. 571, flg. in text. 

This valuable book, "A llecord of Excursions of thf English Geol- 
ogists' Association made between ISBO-ISOO," is ably e<lited by Messrs.. 
Tiios. V. IIoLMEK, F. O. M., and ('. Daviks Shkhboen, F. O. S. The 
membership of thin assoclatiou is not onlf composed of professional 
geologists but qIso of all ]>eraon)< who And pleaenre In tht' various ex- 
cursions which tlie AsBocliLtiou lakes yesf Ity year for thf. purpose of 
studying some section of country under the >!uldance of some local pro- 
fessional fceologisL The present work Is one descriptive of these various 
excurslonsamtcontainsabrief account of thegeology of each place visited. 

Afflp minenih frtiM the- StrpfiUiai- litll "I H-iilou, i'-i. ; Hy JonN Kvkii- 
MAN. (Acad. XaU. ScL, Phlla. Oct. 2B, 18B1,) 

The author announces the discovery of a number of rDioerais from the 
line of contact between the Serpentine rocks sad the Calciferous (T'l 
limestone near Easton, Pean. Ten minerals not heretofore known from 
this focaltty are described, oi which topax, hydromagnci'lte, cbalcopy- 
rite ami graplilte are the most IniportAOl. 
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NoteH on tb« Oci'iirreooi- nf Miisif^l Saiul mi tlie 1*uc'IBc Cotutt of tbv 
Doited !4Ut«K.l>v II. ('. ItolMii. Kn>in \*kk: Am<T. AiHoi-. Adv. Sri. Vol. 
KXXIX. 18W). " 

BuJ1f>tioa dii CiJiiiit/ OCologiqiie, St. I'etprelmrg. IHIMI, IX. No. 7, lon- 
taina: Couipto reiiilu )>r<^ltntiuHire aur lea recUercbeu );<''oloj;i<tiieD ilanii 
les domalups \Verkhu<'--TourUiBkiiya, Nljnj--Toutliiakftyik et Biuprakaya. 
pftT A. Krmsnopolsky; (teiiipt« rendu prelimioaini sut lea reeliprt-lifK 
fait«8 en lUtJ& (I&tik 1& )iartl<' «eptentrlouitlt! dii gouveroruient d<^ rjubliit 
pt <lana la region de In lignc du chomln dp rpr de SEpola-Umaf^e dans 
le gouvemi'iDent de Kiev. X'ar A. Mlclialukt. IX, Xo.S.(«>nt)iiuir Xoti- 
■ur lea tnvHU.v extoitAt par I'eicpedltlon jle Timaiic i-ii IfWO, i)arT]i. 
T8cli«ni7schew; l{«<:herches gf'ologlqupH ta'iteH daiia lo dlHlrict de 
Novonukovsk dii Kouveraemeut d'EkatprlooDlav et i|ueii|iie8 tioiivellpt> 
donnfessiir tesde|>ots tertiareii Inft'neurs dii tMuslndp la HvUtp Solenaia 
par X. Sokolov. 

Mfinoiri!!' du Cmnltr <ti^ologli|iie, \"ol. 1\~, No. 2, Allgempiue ^{eiJoj:- 
isclie Karte vuu ItiiaBlariil. Itlatt 188. (tnologittcho I'ateraucliuiif^cn in 
Tiordwestlicben Gebiet dipsps Ulattes voii A. Stuukpiilwrg; Vol. V, No, 1 , 
Carte UfT'Ologtiiue K^^al^TSlp de la lluHHio. Feulll<- IJi. Mo«coii; Vol. V, 
No. S, UC'pTits CarboDtn>K3 «t PuitH Arti^Biena dans la rp<:ion ilc Mobpou 
par 8. Nikittn: Vol. VIII, Nu. 3. Die Aiuuioniten der unteruu Wulga- 
HtHfe. von A. Mluhalskii Vol. X, No. t, Le Treiablement de Tem-d.- 
Vemy, a« Mai (It Jiilo) WHl, par J. V. Mouchketow. 

Bulletin dp la .Sooit'ti' ()rologii|iie de France. Paria, :hK B<?rie, tome 
XVIII, No. I, Mara 1K90, contains: Le Perm I en dans rAvpyroD.laiiOzTrp. 
le l.ianl et i'AtdPclie, \mt .M. D. Fabre; Rrande faille du Zaghonaii et 
ligne principnle d>- diBloeatiou de la TuqIsIp orientale, i>ar M. a. Hol- 
land; Descriptioii du Terrain crf-tnci'' duna u»e jiartle ile la BaMe-Pro- 
vence, par M. UoUnt. No. % Mai, 181KI, <oDt4rinB: Note siir 1p 8y8t^lne 
oolitUlque inferieur du Jura uK^rldlonal, par M. Attnle l{l<'lii-; tiMo^cie 
dp rindie Fran<;aiBe, par M. H. F^velll(<. No. :), .Tiilu, IftOO, eontalna: 
Note sur line Porpliyrite i1 pyru.iene )>ar M. (^amiixel: Orlj^lnc de 
rOiographie de lu Terre, i>ar M.Tardyi Bur la pr(<s«uci'. danit le Ijaug- 
iiedoc, de rertainea eapCoea de IVtage e du Sllurien aiiperieur de UoliPmp 
par M. J. iterjieron: SiicceHgion dea ('ruptlona volcanii|iies daoH le Velay, 
par M. M. Uoule; Note «ur la prilaenre du ilpurmlietyuiu pnililema- 
ticnm daua le Devonleu de (,'abriereM et Hur iiii iiouvel liiirixnii de 
Uraptolitea daua le Silurien de Cabrlerea, |>ar I'. I!, de KouvtUe; Kelilul- 
dee recueiUia daua la province d'Aragoii (Ka[ia}.'ne) |Mr M. .^1. (iiiiirdon, 
par M. Cottpaui Iteitiurquea aur le noui {tf'nerlipie d'lli|ipari«n par 31. A. 
(laudry: Seeomle note aur lea ITolothurlili'i's rusalli-a du Calealre (iniK- 
aier, par M. Schluni1)erger; Note aiir la (V-olo);!!' de iHTutiiaie, par M. 
Ije Moalp; Sur I'asP relatir lies Munlnlif^reH Op ("pruay, |iar rapjHut an.v 
VertJ'bTCa ilu nif'Uie ^rouiK- di**! in vert* t:a Kun)]>e et en .\n)f^rii|U<', 
par M. le l>r. Ijeiuolne; Ktude Mtratigrapbli|UP I't nouvcllex rei'lierclies 
sur Iph Mollusqupa du terrain lacurtre iiifi^rieur de Proveuce (DanieuV 
par M. Ca/iot; Note »ur les miues de Colar (I'l'le) par M. WveilK^: Note 
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sur le Barrfniivoi de OaboDoe (Druoic). par M. G. Sayu: Sur Is po«HiOD 
stratigrapliKiiie d« Charbons foratls dii Pl^noot, par M. Fred. Sacco- 
No. 4, Jiilll«t, 1800; OlwprvationB Hur lea dunes llttoralea de I'^poque 
actuelle et de ]'fp<M|ue ijliocene en Alg^He et en Tuolele, par H. A 
PAnun; Sur le fosxiie d(k;rit par M. de Zl^o sous le nou) de "Antbni 
i!otlierium SIoDsvlaleuiie," i»r M. A. (laudry: Les Dunes mwitimec et lea 
Sablen ' littureaiix, par M. le Dr. I^ibtLt: Bur la clasaiflmtlon dea C^mtlteH 
lie la Craie, par >[. II. DonvUlP; Note xur (iUel([ues ICchiatdes du trmia 
KxHsfO dii Mexiqup, par 31, Cutteaii; Note snr rpxteneloa dee AtterrlBse- 
inentH Hiocl^nes de Bordj-Boiilia (Alger), par M. E. Flcheur No. 0, 
Aout, 1800; fitude Bur les rapports des Mammtn'reB de lafauDe Cemay- 
sienae et dea Hammlftrea cM'taci^H d'Antfrii|ne, par M.' I.emoine; Note 
8ur le pt^rUtome du Phylloxeras me<literTaDeuu, par M. K. Ilaug; 8ur 
• pielquea poists de 1* (Wologle de la TunUle, p«r M. Anbert: Note »iir 
IcB traverttaa 2 v£g£tMix de Douvreti (Aln), par M, A. BolKt«t: Etudeaur 
la formation de la rfgloa Tli€)^len<-Vac(inl&refl (Ganl), par M. Oazlot; De 
la megiire dti temps \im leg ]>tu}ttoiniiiea de afdhaenlatton, pKT H. A. de 
I.appareut; Lef Tremble iiieiitH ile Terre, pw M. Tardjr; Bnr une fome 
iioiivetle de triloblte de la famllle des CaljmetiidH' [lienre CktyHandl^ 
par M.Julea Bergeron: Contribution iH'Ctude du terrain tertiare d'Al- 
iiace At dee environs de Mulhou^, par MM. Mieg, Bleicher et Pllctie. 
No. 6, Septenibre, 1800: Irf^H Terrlans jarosBliiueH dans les envlroua de 
'Daret, Frenda et BaTiIa, par M. Welach; Snr les Tenalntt phosphates 
ilex euviroua de Uonlleno. Etage Sanonlen et Terrains superpos^i 
par M. II. Laane: Monoceras et Pannacella du Plioc^ue de Hont- 
petlier d'apres P. ••ervais, |tai M. Vtguier; l«e temins cr^tac^s 
du Seressuu ucfidental et de I^hnn, dij|>anmeiit d'Onw, AlgMe, 
par M. J. Welsvh. No. 7. (tctobte, 18W: DescripUon des Syenites 
ii<^pb(''lii]i lines de Poumc (II antes- Pj'r<'ni?esf et de HontrM (Canada) et 
de leurs phenomenes de contact, par M. A. lAcroix; Etude de la Fanne 
dps CiiucheB tithonii|ues de TArdt'che, par M, A. Touctu. No. 8, Decem- 
bre, 1800: ])i?couverte de (OHsiles du HiorCne snperietir dans lea sables 
r(iuj£t'n de In forM du Oftvre (liOire-lnWrleurel, par M. L. Davy; Note Bur 
la ciinstitutlon geoIogii|ue des Pyrf^n^'es. -J^ systeme canibriep, par H' 
E. .lacqnot No. 0, Aout, 1891; Situation litratigrapbique des regions 
vnlrnul<iiies de I'Auvergne. par II, A, Ml<'he] Irfjvj; lia Chaicii' des Puys, 
par M. A. Mii-hel lievy: Le .Monte -l>ore et ses aiuntours, par M. A 
Mifhel I^vy; Sur lef enclaves des trachytes dii Horite-I)ore et eu partic- 
ulier snr leurs enclaves de rocheK volcanli[ue)i, par M. A, Lai^roii: Not* 
*ur les Andt^ites il hyi>ersthl>ne du Oautal, par M. A. La' rolx; Pfipfrltes 
du F'liy do Mur, parM. Paul Oautier: Note «ur les Z(^lltes des Itasaltes 
et IVpCrites du I'uy de Dome, par M. F, (Tonnard; Siir les Tufa volcani ■ 
(luen lie Beaulieu (BouebpK-du-lthone), par M. Ooltot: Basalte de Beau- 
lien, par M. DejM'ret: Olwervntion sur les turs et br^clies basaltii|uee de 
I'AuverBno et du Velay, par M, M. Iloule; I*s Anclens Glaciers d« 
I'Auvergne, par M. Tardy: Sur la Liniite entn- le Plio<■^ue et le Quater ■ 
naire, i>ar M. >[. Ikiuie: Note Hur ISge Ae?. Baaaltes du Velay, par M. M 
Boiile. Tome SIX. No. 1, -Ian. 1891, contains: Formations dew resaauts 
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lie Tf rriiin (litB ridetiux, i>ar M. A. ile l.itpparent: Sur quclciiios I-'bIuiih 
Bletis 1 neon HUB (111 Department dfs l.aixleB, parM.V. liaiillu; Ecliluldes 
•fWtuc^s den Pj'n'tK'es OocideuUIpH, par M, .1, Sciinef. No. 3, Feb. 1800: 
Description dii Teimin CrC-tac^ (UiiH tine partie Ac la BaHBe-Hrovcnce, 
ipar >[. (;ollot; [.ea 'I'erraiiis d'Alluvlon r I'ondiclifry, par M. H. 
L(ve\l\f: Siir Ipn CourhoH <litp8 Vtfttu-f- latCrlent dos povirouB de 
Soii^ralfriie (Aiidc), iiar SI, K. .liici|iioi. No. 3, Mnri I8B1: I'rfBentation 
li'un Mpiiioirs. par M, J. Seiines: Now mir iiwlqiieH (Jupstioiis relatlveH 
-A In (ieold^p rti's (InittcM et d«t eau\ Souk'ntiofx, par M. L. de TAunay 
-et 3[. K. A. Martpl: Note Snr le CJiscment Argovbn df Trept (l8^re), par 
M. A. dolliax. No. 4. Avrll. I81tl: ObeervaUoiis sur Ick Terrainx' 
Hecondniri'K et Icb Terrains primairen i\e» CorU^rex, |>ar H. >T. ICoiissel', 
fl^ude Hiir Ip ImMxiii I'lim-j-uc de Thenlera-Koquemaurp (Gard), )iar M. 
Ca/iot. No. .\ Mai, IMl: Kur le Callovifln dp I'Oaest de la Franco pl 
:tiir KU Faiiiip. par M. A. dp firossouvre; feudp d'ED»eiitl>le sue les dontB 
deH .MammlRTi^ FosBlles det envinine lie lieims, |>ar M, I.piuoine. Ni>. 
-fl, Aoni, I8II1: Keclierchea oxpMnieDtali^a Hiir le role poBxiblp dee ga/ A 
haut^H 1'oiiip<iratures, iloafu de trfta fortex I*res8ionii el Anlmf^s d'lm 
moiivpinent fort Kapldp, (lane divers Pll(<nom^neH gi^ologiqiies, par.M. 
DaubrfW; Ultwiiienti' de I'hospbate de Chaux des HaHtea-T*Jateau\ de la 
Tuniaie, par .M. I*. 'riinmaH; ItediemliPH Biir i|iipl<|np>< fm^Iipb Ophitiquea 
-ilii Slid de la Tiinicle, par M. I'. Tliomai'. 

ZeliBihrift der (iesiillacUart rnr Krdkiinde /ii IJerliu. Ifcind XXVI, 
Iffll, No. !l, <-[>iiiKins; IMtrftKi' /.ur UpiigrapLle Centra I -llrasi lien b, voii 
J>r. R EIireim-li-h; VersiicU rliier (>ri)-rr»pliip dcs Kwcn luii. von Dr. G. 
Wegener. 

.lahrpsl}, deH VVrelDK rnr Natnrw, /u Itraiinyetiweig, f«r 1H87-88 und 
1888-SO, pontainu: Die Oeoliigie. Miiiendogli- iind Polftontologiedes 
IIcrxogthuiiiB Ilraiiiuwliwelg mid iler ani^reii/piiileu l^ndestbeile init 
Inbegrifldeit IJaritgabirgeB, vim Dr. J. II. KIooh. 

VerbandldiTdesel]. nir Enlkiiiide /n Iterltn, Itaud XVNI, mn, No. 
(!, uotitaiuB: Die KrforHchiiii}; der olii'rsfen Sphicbten der Atniosphnre, 
von i'Tot W. forster. 

Notl;cblatt dPB Voreina mr Rrdk. /u Darmstadt iind des iiiittelrlieiDiB- 
i-hi'ii i;eolO|r[Nebon Vereinx. IV Folg«, 3 Heft i:oiitldn>i: Doh Itobrloch 
-der Oebrnder Ifei'ker in der 31auerstrBHHe zu Darmstailt. voii It. LepBiuB; 
rei>er<ile fOHHilen Koste auH dem mitteloltgociliien .HecrnisandsCeln 1>ei 
Hcpppidieiiii an der IlergStrasBe, von U. Lepatus: Dii: liraiiaten von 
-AucrlMti/h an der lIorgBtraBSP, von E. Dloj'at; Frittungvoii Itntbllpgeudeiu 
Sandiiteiii in elneu ]k>hrl«-he, von ('. C'beliua: I'pliemleht ni)pr die 
■eruptlvea Uesteine der Section UieBBPu, von A. Strong. 

AimalpB de la SooiC-t*^ (K-ologiiim- dw Xord. Tome XVII, IHHtt-OO ton- 
tains: Notieo e.vplkative d« la fi'iiUle di- Iteilon, par M. Oh. ItarroiB; 
I^ur les dialMseti dti .Meuez-IIoni ^KIniBt^^p), iwr M. Cli. Itarroia: Lea 
DemoiwIlpM di< T.IIihn, par .M. J. UosHelot: E.^onrslons •n'ologiqiieg dans 
-enviroiia de Vlchy, par M. Uronuicr: Undulations do la craie dp la 
feidlle de C^mbrw et 1tai>porCa de la Btriictiire oudiili^o aveo le Byst^lne 
byilro^rupliiqiie dp i-otte i-arte, |>ar M. L. CayeiiM Feullli' do Pontivy, 
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pur -M. Cli. IturruiH; Mt^oioln; sur la 'H'mie griufi" ilu Xord ilf li> Fniiiii', 
parM. L. <yveu\; Kur U romiMinitiiin dpw P1ii>s|>batc4 ilea cDViroim rtp 
Himm piir M. II. \MSac\ Di^i^uuveri*^ <)e Hil«x tailli^ i1 Itiiii^vy (Konl>, 
Note Kiirlcur giRitiiieat, i>&r ]l. I.. Cay<>ii\; A prupOK <Ie la Ciplyte, v*,r 
M. J. Ortlif b; Sur la compoBltion ile la gcorie ThtimaM, <)'apri-)) MM. \e* 
Prof. Ilurkini; et Lluck; Hur ]<■ phosphate iiuatri-calciiiut- et la Itaaiciti^ 
ilM Bi]i(-«t<>H divt )W!orieD TlioinM d'apt^H M. Q. Ililt^nstock; <'oiisiil«ra- 
tJoiiaaur le Biff i1 iiil<-\ <!<> I'ATtnie, [lar M. J. (losseleti Note sur Ic 
UlcTMter Guiiwl<ai uitpt'i-i- aoiivcllt- df la Craiu lihuichtj des eavirous de 
I.ille, )iar M. I., Cayann; Xiiteis uur 1«> rnpiMirt <)<'S tlf puts rurbouirt'reit 
rUHSes avec ci-iii <1e rKun)|>(- i>(.f 'idGUlalv, par M. TsoliertiiclK'w; L^gi'nil<- 
(l8 la Feuille &o VanneH (1i> la cart« gTologiqne de France, par Ch. I{ar- 
roU: Coup-d'ci-il ear lu i«ni)>08itlou i\u (,'rMa«Tt'' dcs euvirons de PC-romii', 
par H. I.. r;ayeux: Deux I'xciireloati dans le Ilaudnrnck et leTaunoB, |iar 
M. J. (iiiMelet: Ktu<le u)i('rognipbi<]ue de la I'raie det euvlrous de I.ille. 
Uitvea A luoifrauiuti UlilatOB, lutr M. L. Cayeux. Anuale» .XVIII, 1W»: 
l>eicriptliin K'^ulO},'l<|ue dii Cauton de Trelou, |mr M. 4. Urounler: 
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par II. .1. l.adr[)-re; (^■lr^l^lroH Ae Volvlc il'uy-delVune), par QuaiW-Uey- 
I)ourlM>u; I/frpude de la feuille de (jui)u|ier de la cane gl'olojsi que ile 
KruniH-, par Cli. Ilamiifl: Ktwie Btrati);rapliii|iie du Termiu quateniaire 
du Konl de In Prance, par M. .1. IIa(]rI^^e: LevoQ d'ouverture du L'oun 
de Miof'ralo^^le proresui^ & la t'acult^' den Sdentt-n de I.lllf, le 21 Nov., 
1HU0, |>ar M. (iosHelet. 

The Sfleutilti: IVx-ee. lings of the lloyal llublhi rjoe.let.v. Vol. yi, 
(S, S.) Part II). Dec., IHBO, <-outaiaR: lte|>or«i! on tlie Zuulo;;ical Col- 
lectloMS nutde In Torres Straits liy Pn.f. A. V. I laii.loii, 1888-811; llydrolda 
a&d PolyKOa, by it. KirkiMtrick. Vol. VII. l*art 1, coutalua: Itepurts 
on the ZnoiuKical rolk'iti<)pa uiade in Torrec Straits by Prof. A. C. Had- 
doo, lHS8-tJ0'. I.epidiipteni rmni Murray Island, by O. H. Carpenter and 
The Laud I^hells, by frMgar .A. Sndth; On a Fragment of Unmet Moru- 
TelB, by Pri>r. Kollas. Part 2, CK)ntaius: A ^ew Speelea of Tortrii: from 
Tuain, by G. II. f'arpcntor; Tjib Variolitc of CerroyK Owladys, An^le- 
wy. hy U. A, J. Cole: The Orisiu of Certain Marbles; A SusKewtinn, hy 
Profit. Sollas and Cole. 

Knr/e I'eUerslclit utelner IlyiKitliew von der geologiachen Zeitrerli- 
nuns, vonA. BlvW. From (ieol. Kfireu. Fiirhandl. Ud. XII, llilft I. 
No. 127. 

llesultM of Itain, Itiver and Kva[iorHlion. UlieervatiouH made In New 
South Wales, duriu); 1N8U, by U. ('. Hussell. 

Annual lte)>ort iif the l>i-partnieut of Mines uf New South Wales, foe 
the year 1881). 

The SL-Ientitlc Transa<:Ilnn» i>f the Koyal Dublin Society. \ol, IV- 
(N. S.) I>art VI. Nov, imW, poutahn: On the F.hssil Fish ot the 
<;retai^eoi)s Formations of Sinmlinatia, by .1. M'. Davis. I'art VII. 
Feb, 18111, contains: Survey iif FiHhiii-; l.lrouudii, Ment Coast of Ireland, 
1891). 1. On the Egirs and I.arvii- of Telcoatenns, by >:. W. L. Holt. 
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Part VIII, June, l!Jini,oootAiiis: The Coostrnction of Teleatoplc Object 
'4}laHaefl for the InteniBtiotial Photographic Survff of the nearens, l)v 
H. Grubh. 
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tia.VM) Fali.m. Lakkaimik. — MettitrH. Kciiswtou iui<) ]tryaiit. 
the explorers who qnite recently retunnxi from u tri[i to Tjiilirador 
announce Hom(> nrpumtc meaaurcments taken ut Grand Fnlln. The 
fall is Mlii feet, or if the rapiilH tie included the deacent would lie 
5U0 fe«!t. The widtli is 200 feet; but oti jioin|{ luick Imlf ii znile 
tbe river is from 1200 to 1500 feet wide, >cmdunlly namiwin); nn- 
til it rcocheM the falla precipice. After pnsaiii^ over iLi- preci- 
pice the river niuK for « difltance of twenty-flve to thirty inilw 
throufrli a narrow ninou. the walls of whicli hhc to h hiffht <»r 
from :tOO to 400 fwl. 

Sii.vBR PuoDircTioN. — )tr, A. K. fl'eiidl isof the opinioit thiii 
nutwitlLstikudiii}; nil autluiriticH Vx thi' conlnir>-. the ai^refpite pro- 
duction of the PotoHi silver mines of Itoliviii litis in)t cxeeedcii 
1,000,000.000 ounces. 

It is iMiriiTtTL iv axv -Vmbkkm.v kxI'Kihtion of ret-ent years 
hns Iwttn so fniitful of goo<) results its that uti<lertaken i-ueently 
hy Messm. Mc(!fe, Ward, and Hill into tlie southern coitstwl re- 
gions of Mississippi, Tennesse*-, JjOiUHinim. Texas, iinti Mexico: 
the luirty has retunie<l to Washin^on with ii most valnable col- 
lection of data. In Tenni>s8ee, Mississippi, nnd l^)uisianu they 
wcni HCOomiHinied by professors Safford. of Tenn<'Msec. Ilil^anl. 
of Cnlifoniia, Smith, of AlalHiimi. and Holmes, of North ('nm- 
linu, who visite<I all the historic localiticH. and in the field dis- 
riissnl ami liarni(mlz<Ml opinions, and devised nieth<Kls that will 
soon n-sult in a clear ehicidation of the NoK-ene fc:iliin-s of the 
.Vtlantic nnd (hUf sIoih'. 

Messrs. Jldiee, Wanl. and Hill eontiniu-d the work in Texas 
and Mexico, and obtained a vast ston' of informiilioii coim-miiif! 
the •i<-o|rraphieal. geolo^cnl, and Ixitiuiical n-lations of those re- 
^ionH of the I'nited i'tatcs. The reinnrkable on){jniphic develop- 
ment of iiortheaMtern Mexico was reeoinioltred. ami the interest- 
in); Jnnissie and Comanche (hmIs visited, provhiji JK'yond doubt 
the ^rciit development of the Lower Civtaceons in tbut cimntry. 
Finally the Trinity beds of Textis, a gn-at formation hitherto li't- 
1le apprcH'iated. were visited by Pnifs, Wanl and Hill, resulting 
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ill th(> illHeovery liy I'ruf. M'^nl of ii luiigiiiflot^ut. TuhmU doru nliicL 
liiiH )iith<^rto bot'ii ntiknown ia tliat rnsioii. Tlic wlirile partv feel 
grciillj' iiMU'l)tc<l to Mr. Mrtiei- fin the able manner in wliicU be- 
planned and ei>ii<liieUiil tliia fit-lil HyiniMiHiiini. mitl to Iuh ilocoiu- 
plishetl ivlfi^ viio iiceouijiiiiiieil the {lurty hi even the iinighent 
iind moHt ilitneiilt JoiinieVK. 

(tElir.lMiV AT TlIK rviVKKHlTV OK WISCONSIN. TheTO llttVe XyvKVi 

nil enlargement ami a reot^anizatinn of the tlepiirtmeuts of gcol- 
ogA' unci iiiinenilo};y retiently nt Madison, the e(|uii)meut ud<1 teueh- 
ing for(N.> iiien'aseil and the conrseH itH-ast witli reference to the 
pre[>anitioii of profcHsionul gci)ln<;iHtN. The t^tiching eorps em- 
bracen Prew. T. K'.. Chaiulierliii. anti I'rofs. t'. K. Van HiNe, Rol- 
lin D. Salisluin'. anil William H. Holilw. with eollateral assistance 
in ehemistiT l»y Hnifs. Dtiniells and Tlillyttr. 

Award of thk Haydkn Mkmhiiiai. >rRDAi., The (Himmittet' 
appointcil by the Academy of Natural Seienccs of I'hlladelphia to 
Hwanl tliiH metlal. met on the 2(lth of OoIoIkt and <leeided lo- 
honor Prof. Kdwani I). Oiii>e for his many mid vaUiahUTi:!tH<areheB 
in palKontolo^ mid f{iKilo)[y. 

I'rof. N. S. SiiAr.EB, of Ilurvanl, lias lat^^ly l)een appoint^^l 
Dean of tlie Liiwivnce Scientific School of that niiiversity, rin 
Prof, ('haplin. resigiUMl. 

>Ik. W. .T. ItAi.iiwiN. an instniefir in tUc Michigun Miniii^i; 
School, has Imi'II appoiiihHl prof<!s^wl1' nf miniti); en}tineerin}i at the 
University of Illinois. 

W. K. Api'i.kmv. of New York, has Iwitii appointtnl mining eii~ 
flinoer in tin- school of iniiu-s in the rui\crsity of Minnesota. 

Me. A>io8 K. \V*>oiiw.\ri>, of Somerville, Maus.. a youup treol- 
of^ist of miieli promise, died, after a short illnt-ss, of pneomonia, 
at ('astU-, ^loiitiuia, Sept«nilx>r IKth. agol 2ti yeurs. \\v was eji- 
gagetl last yciir on the Geological Snn'e.v of Missouri, und hio 
most impoitant pnlilisheil work appears in Itiillctiu No. :i of that 
Snr\-ay, issued last l>eeeml>er, on "The Itlineral Wiiti'rsof Henrj', 
St. (!!lair. Johnson and Benton (.'(ninties. " Kesides the di>He.riii- 
tivc text, tliiti n^port given twelve analyses of MiHsiniri wntem. 
cjich of which was condncWHl in dtiplicat<>. 

Pbov. J. K. W'li.iaAMs, Of CoKNKi.!, (Tmykkbitv, diedat Itliaca. 
N. v., on Nov, H, of malarial fever, thi^ germs iif which he 
liroiighl from the malnrial repomt of Arkansas. His i^e was 'It 
years. Hin iv]K>rt on the pctixigrapliy of tlut crystallintt r<K^kit of 
Arkansas is soon f*> Ik- pnlilishcil Ity the staU^ survey. A more 
extendeil sketch of him will ap)Mwr in a siil)se(|nent niinilM>r of 
the (i KOUH1I8T. 

PhoF. ('. S. \Vll,KI\m)N, TDK (lllVKU.N.MENT (lEOLOOIST of XcWf 

South Wales, dieil at Sydney the 2;tnl of August, at the age of 4T 
years. 

Priik. p. llKKBKitT Carpkntkk, of Ktiix Coi.i.kof.. Knglaiid. 
died Oct. -.il. ISin. at the age of HK years. 
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NOTICE. 

Tbb "obolooical swtSDLBR" AOAiN ABBOAD. Beftderx ol the 
Gkolooist will recall several references Id the learly Dumbers, Vol. 1 
( 18SB ), lo an adept thief who had for several years practiced upon the 
geologists and other scientists of America with a good degree of snc- 
csMs. This fellow was apprehended and served sli months' Imprison- 
ment In the Blkhorn Jail, In Wisconsin, but on release resumed his 
nefarious tricks. In January, 1888, he stale some microscopic objectives 
from the University of ClnclnDaCI, and under the Instlgatloa of Prof. 
Chas. H. Uilbert, the police of the city were put upon his trail. After 
a pursuit of some weeks, tracing him in Indiana, Kentucky, and Ten- 



nessee, he was approhended at Nashville, and on trial was convicted and 
sentenced for five years tor grand larceny, to the State penitentiary at 
Columbus, O. lie pleaded guilty and admitted that bo was the "swin- 
dling geologist" of numerous aliases. 

In confinement he made a good record for himself and was put Id 
charge of the nlght-achool. He would have been released, on account 
of good behavior, at the expiration ot tliroo years and nine months 
under the rules of tho Ohio penitentiary, In the tall ot 1891, but under 
special protestations of reform he was given a degree of freedom at 
Columbus, which allowed ot his release finally "on parole" for the re- 
mainder ot tho term that he had to serve. lie remained for a time 
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iiaiotly at Columbus, as reporter for ibe Columbus Sunday World. 
Suddenly he appeared at SaglDaw, Michigan, In violation of his parole, 
where ha attached himself to the High school principal and addressed 
the pupils of the High school, clalmlnu to havo been a profesBor Id 
Vassar College, Poughkeepsie, N. Y., and then connected vlth Smith 
College, but preferring his present occupation of dealing In fossils, as 
more remunerative. He sold the High school ten dollars worth of 
fossils. Re said he was. a Russian, descended from an eminent Russian 
geologist, and acquainted with the most distinguished geologists of our 
country — (his usual story, the latter part, alas, too true! ), also that he 
Is the brother of the celebrated nihilist martyr Vera Sussulich, that he 
had fought In the Franco-Prussian war, and had been mode a captain, 
3tc., etc. Thence he went to Lansing, Mich., and the speeches he made 
there were reported In the Detroit Trtbtine under the title — " A man 
with a history." At Lansing, he claimed to be a mining engineer, and 
betook himself to the Agricultural College, where he "named the fos- 
sils" in the collection of that institution. 

On making inquiry as to the Identity of this man with the "O. L. 
Syrski," who had been a short time before released on parole. It was 
learned that, "In the language of the streets, Syrski has Jumped his 
parole, beaten his boarding-house, and employer, and skipped," with 
the Incompleted sentence still hanging over his head. 

Re Is now again launched upon the community, to continue to be a 
scourge to scientists and amateurs. In addition to his standard way of 
representing himself as a geologist (or other scientist more rarely), as a 
Russian, often as deaf and dumb, and always making memoranda on 
llttlo squares of colored writing-paper which he carries In very small 
vest-pocket blocks, and' taking occasion to steal valuable books. Instru- 
ments, and fossils from his hosts, ho now has adopted also the method of 
corresponding with scientists, especially geologists, soliciting ex- 
changes, which of course he conducts dishonestly. 

He Is thus described at Saginaw; a man of medium bight, of light 
complexion, with a light colored moustache, blue or grey eyes of great 
Iceenness and rather watery, and a Arm jaw, giving doclaion to his con- 
versation. Uls language is fluent, and free from any foreign accent or 
peculiarity. He has lost one or two front lower teeth, and looks to be 
35 or 40 years old. The attached half-tone reproduction of his por- 
trait Is from a photograph taken by the Cincinnati police at the time of 
his last trial and Incarceration. The negative Is held by Vail Brothers, 
photographers, £54 Main street, Poughkeepsie, N. Y., and their price 
for a single copy Is 25 cents. It is a very accurate portrait of him as 
he appeared three years ago, as many who have suffered from his thefts 
3an testify, except that ho Is a little more rough In his personal ap- 
pearance, in the portrait, than usual. 

Short notices of his career are given In The NaturalUl's Leisure 
Hour (A. E. Foote's), March, 1S84 (written by F. V. Hayden), in 
Science, Jan. 14, 1887, June 17, '87, and In the American Oeolooist, 
January, February, and April, 1888, and February, 188!». Ho has ap- 
peared under tlio following aliases: ''Oratacap," "Capt. C. E. Dut- 
ton, U. S. A.," "Prof. H. S. Williams," "Ellis," "Ellison," "Eeltz M. 
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Vaslllez." "Vaslle," "VMllIef," "Robt. Verr»l1 " or "Varrall," "O. L. 
SyrakI," O. L. Suasullch," " Leo Le»quere&ui, Jr." (son of the l&te cmt- 
oent palcobolaniat), "W. B. T^gard," "Prof. GftmeroD," "Prof. Le- 
vedle," and *' E. O. Strong." 

No one has 7et been found who was a classmate to the swindler, nor 
has any knowledge been obtained as to the loBtltutlon where he gained 
his excellent hlfcher edocatlon. He himself declares that be Is a gradu- 
ate of the University of Elef In Russia, but no Inquiry seems to have 
been made Into the truth or falsity of the statement. Ho has shown a 
familiarity with the Sclavonic languages by conversing freely with Polos 
and Hungarians In the quarries at Bondont, N. Y., In their own tongues. 

We have no vindictive feelings against the man st all, but we believe 
that wc can do no better service to scientists fn America than by patting 
them on their guard against strangers without good credentials, and 
arming them against " 0. L. Syrskl," by giving this Information. 

According to latest Information, a one-Inch Zeiss microscopic objec- 
tive, which was on his person when captured In Tennessee, Is still In 
the hands of the chief of police, Cincinnati, unclaimed. 

In August, 1887, he procured from Rev. Arthur H. Flack, president 
of the Claverack College, Claverack, N. Y., a loan of (IS on a spectro- 
scope which he left on his hands "until he should return the loan." 
0( course the "loan " was never returned, and the stolen spectroscope 
still awaits Its owner at Claverack College. 

Amebic AN Gbologibt. 

May 15, 18»1. 

TUBUS Ur AT rOLDHBIA, MO. 

Columbta, Mo.. June 17. 1891. 

American Gbolooibt. A tew days ago a man came to this place, 
came to the University and asked the Janitor to show him speclmems. 
Next morning he came to me as a "deaf and dumb" man, said ho 
wanted some work to do. Could name fossils, American or European. I 
told hjm there was no fund for the purpose. I showed him mine, He then 
spent the day looking at the university collection. I told him I would 
pay him to lock over our European fossils and correct their names If 
necessary. He wrote on a paper his name " Otto LudovUs SoituUch," 
said ho was a brother of Vera Sasaullch of Zurich, Switzerland. He is 
a Russian by birth, and he seemed strangely familiar with every thing, 
people, places, fossils, but said his deaf and dumbness prevented his 
working as an active mining expHrt. Well, I got him at work, In room 
with him most of time. A few fossils I was In doubt of and asked him, 
and he was surprisingly correct, knew Just where to find descriptions, etc 

While thus engaged one of oar professors came In and mentioned 
about a geological swindler being In Tennessee a tew years ago. I then 
remembered that there was a notice of such a man la June Ggolooist, 
but had not paid much attention to It. It was at hand and I looked and 
there was the man's likeness exactly. I let him work all day, paid him, 
then told him he ought to talk, that he was not dumb. Also told blm 
that I knew who he was, and that I thought that a man gifted as be 
was ought to be every way correct. I wished him well, etc., but had 
not told him of article and portrait, but Prof. P ol university, hap- 
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polling In just tben.lDslated on showing It to him. Ot coarse he denied 
being a Ihlef, produced it recommendation trom Prof. Ed. Drton, also 

one (rom of Vasasar. He trembled tbough and hurried oft. 

Don't know where he went, but he certainly Is very gifted and smart, 
and Is well posted In paleontology, and would make the best I have ever 
known provided he stuck to It and honesty. 

He did not steal anything here thst I know of, may have taken one or 
two fossils, nothing else, and probably nothing of much value tf any- 
thing. Yours, etc, 

Q. C. Bboadrbad. 

N. B. He gave address Columbus, Ohio, and that his mother there 
would take core ot his letters. 

= GEOIOGIST.^^ 

Aoourate Beporta on Propertied in Texas, Arkajisao, Indian 

Territory, New Mexloo, ArlEona and Uexloo, and 

In Southern United States. 

H. M. CHANCE, 

Coal and Iron Specialist. 

PTOMrttes examined end deT eloped. 
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EVERETTE'S SirMNG OFFICE, 

Pioneer Mining; Office of Pacific Northwest. 

HavlnE tba largest permiuient brick assay furnaces, chemical laboratory and 
ininlnK office on the northwest coast, with a collection of abont *,000 samplee of 
the ores o( Alaaka. Biitisb Columbia, Oreson and the nortliwest teiritprlM; and 
havinK made personal eiamitiations o[ neatly every mininp camp on the Paoifio 
slope ftom California to Alaska, I am prepared to do any clasa of legitimate and 
timestminlnB work, sucii aa . „ .^ ..t t» n _» n «• 

KiMalninirEniineerlnE, Sampling and Reportliig on the Value of all Hin- 
eral. Coal and Kre Clay PropertioH, Balldlng Stonaa, Eartha, Aaeaya and 
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